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PREFACE 

TO THE THIRD EDITION 

A LECTURER in Production Engineering inquired recently 
whether the data in this book were up to date. They are, 
and I told him so. But, for teaching, would it have 
mattered much if thej^ were not? Was up-to-dateness 
vith facts and figures ranked higher than training students 
to imderstand principles? 

Wishing to simplif}’- a calculation for the diameter of a 
blank for a pressing, I evolved the method sho\vn in Fig. 
31. A penknife, a piece of vdre, and a knowledge of a 
beautiful principle in geometr}^ proved sufficient. Three 
hundred years ago Guldinus rediscovered that principle 
(which Pappus had emmciated fourteen hundred j’^ears 
earher), and still it is true, useful, and up to date. But 
the solid facts, m}^ knife and the piece of vdre, are lost. 

Besides making several minor alterations and exten- 
sions for this edition I have added an Appendix which 
describes some of the reasons for the elusiveness of 
accuracy. The first part of Chapter X refers briefly to 
tliis subject, but it needed supplementing by a more 
detailed accoimt of the difficulties in producing work free 
from deformity. Nowadays accurate sizing within fine 
limits is easy, because attention has been concentrated 
upon it. The restraint of deformity is much more 
difficult. 

In connexion with that a great part is played by the 
location of components in jigs and fixtures. It happens, 
too, that for some 5'ears I have felt that location should 
be studied more academically in order to make it more 
practical; for it is onl}^ by theorizing about obser\-ed 
facts that one can ever become reaU}’’ practical. Writing 
the Appendix provided me with the opportunity to make 
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the attempt, and I hope the result \vill be of equal interest 
to tool designers and planning engineers. 

I call it the Six-Stop Principle of Location. That any 
component shaped like a matchbox can be positively 
located on six stops is weU knowm. Five are too few, and 
seven too many. The six-stop principle holds good for 
rigid components of any shape. There are no exceptions 
— in principle. Those who are doubtful are invited to 
consider the argument and try for themselves the simple 
experiments which were devised to illustrate it. 

A. C. W. 


PREFACE 

TO THE FIRST EDITION 

If you ask a practical engineer how long a new job ought 
to take, his answer will be “ It all depends." Search the 
libraries and read all that they contain on manufacturing 
processes, on speeds and feeds, on machines and tools. 
You ^vill not learn how long that new job should take. 
Neither -will you know at the end whether your regular 
production is being done efficiently with the facilities 
you already have. 

It is to provide answers to such questions that I have 
written this book. I have often been asked to recommend 
one but there was none. This is not to say that there are 
no good books on some aspects of the subject. There are 
many. 

But how would you concoct a pudding if your cookery 
book listed half the essential ingredients and gave no 
clue to the others? No previous works on production, 
in my opinion, consider properly the manipulating or 
handling times which occupy more than half the total 
production time in any engineering workshop. 

The reference to cookery recipes is not happy if it leads 



PREFACE 


VU 


to the belief that process planning and estimating can 
be done well by blindly following rigid rules. There are 
rules; likewise there is scope for imagination and in- 
vention, as in other arts. Where practicable I have given 
rules for quick approximate results, besides more exact 
methods for students who desire to be thorough and 
masters of the subject. Where necessary the conventional 
rules connecting production times with speeds and feeds 
have been modified. I have also given several original 
formulae and methods of estimating. 

There is scarcely an5dhing conventional about the 
chapter on Works Economics. It is based on first prin- 
ciples, and explains logically the “how” and the “why” 
of the building up of production costs. Written from the 
view-point of a production engineer it will, I hope, help 
to clear away the mystery which often surroimds them. 

The chapters contain hints on workshop planning and 
machine layouts, including a description of how to 
arrange for conveyor controlled output. The methods of 
estimating real, as compared \vith nominal, productive 
capacity are also considered, together \wth capacity 
charts which I have used successfiiUy in several works. 

Reference to the various chapters ^vill show that aU 
the ordinary workshop processes are studied, but no 
special or proprietary machines. The best way to learn 
about these is to study the weekly periodicals, par- 
ticularly the advertisements. Desiring the book to be 
compact, for convenient reference and intensive study, 
I have omitted matter which can be obtained satisfactorily 
and easily elsewhere. 

The words “Production Engineers and Students” in 
the title refer to mechanics, draughtsmen, estimators, 
ratefixers, planning engineers, cost accountants, foremen, 
managers, and others who now control, or who \vill one 
day, control production. ^Vhat I have written I know 
to be true, and I have tried to be so definite and clear that 
there is no ambiguity anywhere. 
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PLANNING, ESTIMATING 
AND RATEFIXING 


CHAPTER 1 

INTRODUCTORY 

The object of planning manufacturing processes in detail 
is to arrive directly at the most economical methods of 
production. ^^Tlen the quantities of similar parts to be 
made are large, the methods which consume the least 
workshop time are usually the most economical; but 
this is less frequentl};' true of smaller quantities. 

Operation times decide the quantitj^ of plant and labour 
required for a given rate of output and are a guide to, if 
not an absolute measirre of, operation costs. In all cases 
an operation list precedes the complete plan and shows the 
sequence of operations, without an}^ details \vhich indicate 
how or at what speed they are to be carried out. Such a 
list is useM for tool designers and for routing \vork through 
the shops. It indicates serviceable methods w'hich will 
succeed in producing components of the desired quality 
even though they may be unduly expensive; that is, of 
course, if it has been skilfully planned. 

A master layout defines a procedure w^hich is ideal but 
practical. It states w'hat is to be done and exactly how' 
and by w'hat means; it takes into account the facilities 
w'hich are available but makes no aUow’^ance for imperfec- 
tions which can be removed and ought not to be tolerated. 
Hence a competent planning department which prepares 
these la5muts has a strong energizing influence. its 
work the hosts of faults w’hich are continually retarding 
production are clearty shown up and steps directed to 
their elimination. 
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This is not to say that inconvenient dispositions of the 
work or awkward arrangements of any kind should be 
allowed. The duty of the planner is to assume rightness 
in such minor details and to point out to the shop super- 
visors any defects which they have failed to remedy 
while putting his schemes into practice. 

In everj- process certain groups of motions are always 
associated together and can be classified. Raising and 
lowering the drill spindle during drilling operations, 
exchanging drills and other tools, setting work in a 
fixture and remo\dng it when it has been dealt mth are 
examples. 

All such associated movements can be studied, classified 
and timed under various conditions. For the present 
purpose they ^viLl be termed constitnents. They are not 
elements for they are not even fixed as regards the group 
of motions contamed in them. Like operations they may 
contain whatever is most convenient at the time for the 
purpose in view. And the word constituent is not used for 
anjdhing else likely to cause confusion. 

For the present purpose, then, the production of a 
finished component from the raw material is carried out 
by making it undergo a series of processes ; each process 
is made up of operations ; each operation is the sum of its 
constituents and each constituent can be anal5^sed into 
simple motions. 

Not only do constituents consist of simple motions but 
the}’- usually include a complete cj’cle ; that is, a return is 
made to the starting point. This is frequently obscured 
by the way in which tlie constituents are interwoven, one 
being interrupted while several others, perhaps, are partly 
or wholly completed. For example, work is placed on a 
table but removed after it has been operated upon ; tools 
are inserted in tlieir holders but taken out after use; a 
machine table is shd along for safety or convenience while 
components are being exchanged in a fixture but is 
returned after the exchange has been made ; a man picks 
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up a rivet, does his work upon it, then returns to pick up 
another. There obviously must be a forward set and a 
return set of motions wherever the work is repetitive, and 
the constituent may include both although only the for- 
ward set is named. Thus Load fixture is a constituent part 
of an operation and, unless othen.vise stated, will mean 
Load and unload fixture. 

If an operation be completely anal3^sed into constituents 
for w^hich the proper performance times are known the 
total time -which the operation should consume is also 
known for it is the sum of the constituent times. 

Granting this to be true, vrill the constituent times in 
one works apply equally in others ? Investigations vldely 
made show that there is no appreciable difference in the 
speed of working in different parts of the country as 
regards the constituents when the conditions are similar. 
The only conditions w'hich need be taken into account are 
those which cannot be controlled by works management, 
namely, the massiven^s of the product and the quantities 
made. 

In those v/orkshops where the average component 
weighs many pounds, and cranes are in regular use in the 
machine shop, the speed of the operators is slower on 
those components which weigh only a few' ounces than it 
is in workshops devoted exclusively to light work. There 
is no regular relation between the speeds but often the 
constituent times differ in the ratio of 3 : 2 in favour of 
the light component specialists. Note that constituent 
times, not operation times, are compared. \^'’hereas a 
comparison of constituent times is easy and can be made 
in any t%vo wnrks or neighbouring machines engaged on 
dissimilar components in one works, it is difficult to find 
exactly parallel operations. Either the machines, or the 
components, or the materials differ ; there are too rmxiy 
variables for it to be certain how to make an accurate 
comparison at all. But constituents such as indexing a 
6-inch capstan or raising and lowering the spindle of a 
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sensitive drilling machine contain the same group of 
movements always. Consequently, if exceptional cases 
are discarded the manipulating speeds in different works 
can be fairly compared. Constituents which depend on 
the machine and not handling are just as efficient in one 
as the other type of works except that men surrmmded b}^ 
hea\der production seldom use quite the maximum pos- 
sible speeds on small brass and aluminium parts, whereas 
they soon would if segregated. 

On the average it takes an operator engaged in intensive 
production three or four weeks to attain full speed. 
Hence those who have small quantities to operate upon 
and frequent changes to make are comparative!}'- slow 
workers. The machines vtU do their part quite well but 
tlie operators get insufficient practice to move vdthout 
mental strain. They consciously direct their motions 
instead of performing them automatically. Yet the 
method of constituent times enables a skilful planning 
engineer to forecast operation times with small risk of a 
large error even in such cases. In fact there can be little 
uTong vith a well-made process layout e^'en if the results 
in the works prove inferior to expectations. Occasionally 
the results are better, of course, because circumstances are 
exceptional!}^ favourable now and again. 

A well-made master layout depends for its operation 
times on standard constituent times to whicli have been 
added special allowances to suit the circumstances, ^^^len 
the actual results in the shops are not in accord there may 
be extraordinax}' conditions which could not have been 
anticipated and which cannot be changed ; tliere may be 
data to collect for future guidance ; and any mvestigation 
viU certainly reveal imperfections which can be wholly 
or partly eliminated. Perfection is always out of reach. 

Although exceptional operators vary by at least 20% 
above or below the average in manipulative speed, the 
great majority are not far from the mean rating; and if 
the observed time of an operation exceeds the scientifically 
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forecast or standard time it is due in nearly every instance 
to one of the following — 

(1) Operator’s clumsiness, which may be through want 
of practice or physical unsuitability. 

(2) Making useless movements or doing work which is 
not required. 

(3) Extra work is found desirable to improve the com- 
ponent although it was not originally expected to 
be required. 

(4) Feed and speed combination is too low. 

{5) The material is unsuitable or not as specified, or 
tools are inadequate, or the general conditions are 
unsatisfactory. 

(6) The operator is not "playing the game.” 

Five of these items can be controlled by works manage- 
ment; the third requires an amendment to the layout. 
By comparing the actual performance with the ideal 
performance which the layout specified it is possible to 
detect in which constituents the operator is at fault, or 
where the shop management has failed. Many of these 
faults will not be suspected, let alone detected, if reliance 
is placed on shop supervision alone for efficiency. 

It is impossible to make rules or formulee which will 
entirely eliminate the need of some judgment m applying 
them. And planning is one of the arts. Practice with 
paints and brushes and the study of pictorial composition 
for 30 years will not make an ungifted man into an artist ; 
neither will 30 years’ experience in first-class workshops 
necessarily result in planning ability of a high order. 
The vital quality of imagination is necessary as well as 
opportunity and perseverance. 

The constituent times for intensive production work in 
full swing will be taken as standard in the following chap- 
ters. On repetitive work which is new to the operator 
though he is used to the shop and the process it udll be 
found, on the average, that his handling times will exceed 
the standard times by 50% during the first week, 25% the 
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second week and io% the third week. If the process is 
also strange these percentages may be doubled. When the 
work is intricate or ver)^ fine the “learning” period will be 
longer. On the other hand extremely simple operations 
such as sensitive drilling or flypress operating may be 
learnt in a week and a 33^% allowance is adequate. 

The start of an operation is always slow; it takes time 
to get into the svdng. "Wlien the business is quite strange 
an observation of the speed at the start gives little 
indication of what the ultimate rate will be. 

In the case of a machine of a new type for a special 
lapping operation the output averaged 35 components a 
day after a fortnight: a month later the output was 50 
a day : at the end of three months 100 components a day 
were easily dealt with. At first the operators’ control was 
uncertain and they lacked confidence. It was not until 
they were sure of what was required and made their 
adjustments and movements automatically that their 
speed was satisfactor5^ 

Altliough there is justification for handling times to 
be above tlie standards when the quantities to be made 
are small, there is little reason for adjusting cutting times. 
Speeds and feeds should be correct from the start. Yet 
it is found that operators are often timid in this respect 
at the commencement; they will even drill holes at low 
speeds to make sure that they are good ones. 

If in any works it is found that the -standards based on 
the constituent times which are given in succeeding chap- 
ters are unsuitable and that the special circumstances are 
not covered by the recommended adjustments it will be 
easy to find and make others. For example, in a few 
works the finish and accuracy is kept at an extraordinary 
high standard. To suit this some of the finishing processes 
will need perhaps 50% more time for handling and 
machining. The machining times vill be affected if 
extremely fine feeds are used for the sake of appearance ; 
but the greatest difference may be found in assembling 
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speeds due to the extra care in handling to prevent 
scratches and other blemishes and in making fine adjust- 
ments. 

However, once the right standards have been found no 
further alterations will be needed unless the conditions 
are changed. Consequently, operation times may then 
be built up from the data with the certainty that they will 
be accurate. 

It is the business of the production engineer to produce 
efficiently: he cannot do this while swayed by belief in 
fine-sounding but misleading slogans. The saying that 
"a new machine ought to pay for itself in a year” has 
cost many a firm thousands of pounds. "Night work does 
not pay” is another half-truth. There are many who 
believe that the labour cost of an article should be 
practically unchanging. There are many more who will 
enthusiastically save £t a week on direct labour but spend 
£$ a week extra in the tool room to get it, and believe they 
have economized because "overheads are so much per 
cent on labour.” 

There is too little collaboration between production 
engineers and cost accountants. Closer association would 
help both parties ; the accountants would learn to visualize 
better the facts their figures stand for and the engineers 
would imderstand more deeply the economic results of 
their activities. Accountants tend to become too con- 
servative. Production engineers should be able to counter 
this by looking far ahead and backing their arguments for 
enterprise with convincing figures. 
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RATEFIXING AND TIME STUDY 

Floor to floor time is the interval of time between picking 
up the component and depositing it after the operation 
upon it has been completed. It is not the same thing 
as basic or operation time although the two are often 
confused. The symbol FFT wiU often be used for the 
term floor to floor time. 

Floor to floor times are generally quoted by machine 
tool factors to give their customers an idea of what output 
is likely to be obtained from the machines being con- 
sidered. Rate fixers generally have little opportunity for 
studying how the FFT is made up. Although it looks an 
easy job it requires considerable skill and patience to make 
time studies properly. 

Hurried observations may be misleading because they 
include less work than is actually involved in a complete 
operation, or even in the true floor to floor time. Every 
floor to floor time includes a complete cycle ; that is, the 
operator and the machine return at the end to exactly 
the same positions they were in at the start. The starting 
point is often the pick up of the component. It is not 
always the best one to choose. There is perhaps at some 
part of the cycle a sharp click or a swift plain movement 
which gives a very reliable datum point. Both the risk 
and effect of observational errors are diminished by 
observing several consecutive cycles. The longer obser- 
vations will probably show that there is work to be done 
which occurs only at intervals but which is part of the 
true cycle and must be reckoned in it. This is generally 
the case with small components of which the operator 
will, at intervals, take a quantity from his bulk supply 
and place ready for quick handling. Other examples 
are feeding a fresh bar in capstan work, or clearing 

9 
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away an accumulation of swarf in milling or press 
operations. 

When the rate fixer has arrived at a correct floor to 
floor time, either by observation or from the planning 
engineer's estimate, he is in a position to fix the operation 
time and to bargain with the operator. As a rule the 
operation or basic time will be the FFT plus an allowance 
for tool attention, an allowance for fatigue and personal 
delays and possibly some addition for other delays such 
as waiting for a crane. (See Fig. 51 for graphic representa- 
tion.) The operation time is the basis on which the 
payment for the work will be calculated and agreement 
between the rate fixer and the operator concerned must 
be reached or no contract for payment by results can be 
made. Unfair contracts must be avoided. If the basic 
time is fixed too high either the operator wiU earn more 
than is fair, or what is worse, he will restrict the output ; 
if it is too low the operator will be demoralized and 
probably restrict his output still more. 

The method of constituents is the only safe way of 
arriving at fair basic times. When it is more widely and 
skiliully used less will be heard of the numerous schemes 
which have been devised to improve on straight piece- 
work. All of them spring from one cause and that is 
imfair basic times. None of them is so generally satis- 
factory as a well administered piece-work or piece-bonus 
system. 

In all bonus systems the workman receives his day rate 
and is paid extra for doing an agreed-upon amount of work 
in less than a stated time. Where piece-work conditions 
are strictly maintained the workman is paid only for the 
work he does, no mat" er how long he takes over it. 

The Halsey and Rowan bonus systems are well known. 
In the former the workman contracts to do a stated 
amount of work in a given time, if possible. If he does it in 
less than the given time he is paid for the time he takes 
and a part (usually half) of the time he saves. Thus, if 
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he is given 36 hours to do a job and does it in 24 hours 
he would be paid, at day-work rate, for 


24 


36-24 , 

= 30 hours. 

2 ^ 


By the Rowan s^'steni the effect is that the man earns 
time and a third if he saves one third of the time allowance, 
time and a half if he saves half the time allowance and so 
on, the enhanced rate being paid on the time taken. If a 
a man were allowed 32 hours and took 24 hours, thus 
sa\dng 8 hours (which is one-fourth of the 32 hours) he 
would be paid time and a quarter for 24 hours, or 30 
hours, ^'\^len on piece-work the man would be offered 
30 hours (or the equivalent in monej'’) for the same job 
and if he did it in 24 hours would, as before, earn time 
and a quarter. If the time taken were not 24 hours there 
would be differences in the man's earnings b}* the three 
systems. It is these differences which are supposed to 
give the Halse5% Rowan and similar s5'stems their special 
merit. But the extra clerical work involved has to be 
paid for. It is a fallacy to think that men vdll work so fast 
as to risk ha\dng their allowances or prices cut. If the 
basic times are right the average man’s earnings b}’- any 
S5*stem will be the same. 

Fig. I compares graphically results bj* each system for 
different speeds of working. The basic time, is repre- 
sented at A by the open rectangles, piece-work at the top, 
Halse}’’ next and Rowan underneath. The shaded areas 
represent the appropriate allowances to enable a man to 
earn time and a quarter. It is least for piece-work and 
most for the Halsey plan. At B is shovm the man’s extra 
earnings for doing the work in the basic time. The black 
areas are the extra earnings and they are equal for all 
three sj^tems. If the man takes three-fourths of the basic 
time he gets the full amount for piece-work, as before, but 
less bj' the bonus methods of pajunent as sho^vn by the 
black areas at C. But if he takes 25% more than the 
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basic time he receives more by both the Halsey and Rowan 
plans than for piece-work. In general the Halsey and 
Rowan systems have a retarding effect on the quick 
workers. They feel they would not get quite all they earn 
if they should do their best. 

There are two distinct ways of arranging piece-work 



Fig. I. Bonus Eaknings 

payment : one is calculated on money prices, the other on 
time. The latter is sometimes called piece-bonus instead 
of piece-work and is gradually ousting the money basis. 
In either case the real basis is time, for the money price 
is calculated to give what is considered to be the fair 
payment for work which will normally take a certain 
amount of time to do. 

When a money price is fixed for a job the price remains 
unaltered whether a skilled man or a youth does it. At 
least, it is so in theory. In practice, adjustments are made 
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to prevent earnings which would be absurdly low for 
a man or far too high for, say, an apprentice. 

The principal advantages of the piece-bonus st^stem 
are that it renders the rate fixer’s and all other calculations 
easier and protddes for variations in basic rates of pay 
(that is, the nominal dat^-work rates) with different 
operators, or at different periods. For example, if a boy 
rated at 6d. an hour could work as fast as a man rated at 
i/- and the man earned time and a quarter, or 1/3 an 
hour, the boj* also could earn time and a quarter, i.e. 
7M. an hour. But ob\dousIy the work would then be a 
boy’s job. 

This brings up one of the defects of the sj^stem: it 
makes necessarj' a grading of labour and the right grade 
must be emplo5’'ed on specified work. 

The three main classes are girls, bo}’3 and men. These 
are usually subdi\dded into about three grades for girls 
and for bo3*s according to their ages and rates of pa}’-. 
Similarty, men are graded according to their skill and rates 
of paj' into three or sometimes four di\'isions. A system of 
S3Tnbols is de\dsed (usuall3' letters of the alphabet and 
numerals) for indicating concisel3* on all the papers re- 
lating to the matter which grades of labour should be 
emplo3*ed on the ^'arious operations. Were there not this 
control the costs of production might soar, for it is 
much easier to get most kinds of production at the required 
rate firom men than from girls or bo3^s and their pay is, 
roughl3% double that of the latter. It is also necossaiy 
to use the specified grade of men for 003’’ class of operation 
for the same reason; the skilled and higher rated men 
being, on the whole, less trouble to manage and quicker 
at picking up fresh operations than others would be 
preferred b3* foremen were costs not watched. Ordinar3' 
piece-work where mone3’’ prices are fixed avoids this 
trouble. On the other hand it makes the reverse process, 
lowering the labour cost, more difficult. 

A stable labour cost is preferred b3’ some on the ground 
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that the production cost is thereby fixed. As will be 
indicated later this is not necessarily true, though it may 
appear to be so by the costing method employed. 

When the basic operation time has been provisionally 
settled the next business is to calculate the piece-work 
time or price. If money prices are given they are most 
conveniently based on operating on either one or a dozen 
articles. This is not absolutely necessary but it is as 
well not to have miscellaneous quantities because of the 
confusion likely to arise. A price based on one piece is 
suited to long operations and on a dozen to short ones 
{because there are twelve pence to a shilling). 

Suppose a rate fixer has been advised, or has come to the 
conclusion by observation, that a reasonable basic time 
for an operation on 12 articles is 43 minutes (awkward 
figures are chosen for the example because they occur in 
practice), what should be the piece-work price for a man 
whose grade of labour is rated at 35/- for a 47-hour week ? 

The standard bonus allowance for piece-work earnings 
is 25% of the day rate, though in some works a higher 
allowance is the rule. Thus a man in receipt of 35/- for 
47 hours day work (ignoring cost of living or other 
allowances which do not rank in piece-work) would be 
expected to earn £2 3s. gd. a week when employed on 
piece-work. 

The basic time for a dozen components being 43 minutes, 
reference to a ready reckoner shows this to be worth 6|d. 
for a man rated at 35/-. The addition of 25% gives 
8d. as the piece-work price. To save repeated calculations 
the rate fixer should be supplied -with or construct for 
himself a table, showing for the various rates of wages 
with which he is concerned, the equivalent money prices 
for minutes and hours, with the 25% (or whatever it 
may be) already added to the basic rate. 

The accompanying piece-work conversion table illus- 
trates a convenient arrangement. It may be extended 
to include whatever wage rates are in vogue and to save 
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the need of addition for intermediate times, as desired. 
As the table stands the piece-work price equivalent for 
43 minutes is not given direct and has to be got by adding 
the figures for 3 and 40 minutes. 

40 minutes at 35s* rate . . - 7*45 

3 tt n ft - ‘ « 

43 »* !»»*»» - " • 8*01 

The prices are all given in pence and decimals of a 
penny, that being better than working in farthings, 
though the nearest farthing is taken, of course, at the 
conclusion. 

When the value of the work is expressed in time, the 
time may be for single components, or tens, or the quantity 
done per hour. In any case the calculation is extremely 
simple. 

If the basic operation time is 9 minutes for i component 
the piece-work time wfil be g plus 25% of 9 minutes 
which equals 11.25 minutes. Alternatively, the quantity 
done in i hour may be the basis. For example, if 34 
components can be operated on in 60 minutes, the piece- 
work time vill be 75 minutes for 34 components. This 
leads to rather intricate arithmetic for the operator 
when he is making up his o%vn account of the pay due to 
him. Suppose he has done 321 components, for instance, 
at 75 minutes for 34. It is best to keep to times per com- 
ponent (or tens, or hundreds). Also for this purpose the 
best unit of time is the minute. An exception may be 
made for exceedingly lengthy operations but if an hour 
is the unit the fact must be clearly stated. 

At the end of the week the operator adds up the minutes 
he has earned and this total entitles him to exactly the 
same pay as if each job had been given a separate money 
price. 

The next business is striking a bargain with the operator. 
Whatever opinion the rate fixer has on the matter the 
operator may have a different one. Each will present his 
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view. In most cases the discussion viU be short and the 
arranged price (or time) will be ver^^ close to that which 
the rate fixer had in mind at the start. A discussion is 
alwaj^ valuable if it does not descend to haggling. It is 
easilj’’ possible for a planning engineer or a rate fixer to 
have ov'erlooked some difficult}' which the man has fore- 
seen, and a man dissatisfied with a price is unlikely to 
yield his best efforts. The rate fixer should offer at the 
onset the price he considers just. Offering less is weakness. 
It develops haggling and suspicion. To offer more would 
be ridiculous. If an agreement between the rate fixer 
and the operator cannot be reached, the job is paid for at 
dajMvork rate. This is a rare occurrence. 

A contract note is made out when the price is agreed. 
One cop3^ is given to the man, one copy is usually sent to 
the cost offi.ce and a third copy is kept by the rate fixer 
(or in the central ratefixing office) for future reference. 
At the end of the week, or as soon as the work is completed, 
the man’s note goes, -via the inspector who certifies the 
quantity of V'ork he has done correctl}^ to the wages 
office. His foreman usuall}’’ sees the note and initials it. 
This is the general routine followed in most works. There 
is one variation practised where repetition work is the 
rule ; the man is not given a copy but may see, at any time 
he wishes, a cop}'’ of the contract which was made 
originally on the terms he is expected to accept. Of 
course he is allowed the same price for the work and the 
quantities he does are certified in the usual way. ^^^lat 
is saved is the useless repetition of contract notes, ordin- 
al}^ inspection and time recording being all that is required 
rniless a change is made in the price. 

Most works managers will inform an inquirer that "we 
never change a price in our works unless the method is 
changed.” And each will believe that to be almost a 
unique state of affairs. The imfortunate fact is that 
methods are sometimes changed without impro%ang them 
solely with the \dew of reducing w'ages; for everj’^ rate 
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fixer misjudges occasionally and allows an extravagant 
price. Any price may be changed by mutual agreement 
between the rate fixer and the operator, up or down. This 
is the fair way of approaching all unsatisfactory contracts. 
But sometimes the fair way is not practical and a change 
of method is necessary. In that case the change should be 
complete and, if possible, it should involve several other 
operations unless a minor alteration will really effect 
a substantial saving in the time taken by the one it is 
desired to reduce. High wages may be a sign of an 
exceptional operator, not of a rate fixer’s error. If that is 
the case there should be no reduction — an increase would 
be more justifiable. 

Since every operation is made up of constituents, and 
the times which these take can only be found by observa- 
tion, it is a pity that rate fixers generally have not the 
time or do not endeavour to study them. If constituent 
times are desired it is usually necessary to send a man into 
the shops for the special purpose of observing them. 
Perhaps it is as well. The rate fixer should be a practical 
man who can hold his own with other men, whereas the 
qualifications necessary for making reliable observations 
of constituent times are — 

(1) Ability to observe and note quick movements in 
rapid succession and to time them separately. 

(2) Sufficient practical knowledge of the workshops to 
understand exactly what is needed and not to be 
misled by men or circumstances. 

As a rule the rate fixer’s training has not developed the 
first in a scientific way, and in the hurly-burly of produc- 
tion there are not many who have the time or would be 
encouraged to make such observations. But, when 
possible, every observation of an operation should include 
its main constituents at least. In general these are 
Loading (remembering that this, as in all similar cases, 
also implicates the reverse motions), Manipul-ating and 
Cutting (or whatever the object of the process happens to 
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be). These alone provide valuable information for future 
guidance if records of data are kept in order. 

An observation of a single floor to floor cycle may indued 
business which occurs infrequently or which should not 
occur at all; it is likely to mislead because of wrongful 
inclusion or exclusion unless it is carefully analysed and 
the various constituents are examined. The following 
example will make this clear. A small component was 
being drilled and reamed on a single spindle sensitive 
drilling machine. The jig had slip bushes to suit the driU 
and reamer respectively and a quick-change chuck was 
used. 

Observed FFT for three components were — 

Component A . . . -77 seconds 

„ B .... 02 ,, 

C ... . 82 „ 

Total . . . *251 seconds 

Average .... 83-7 seconds 


An analysis of the FFT for component A showed it to 
be made up by 


1. Loading .... 30 seconds 

2. Manipulating jig and drill. . 2 ,, 

3. Drilling . . . . . 10 ,, 

4. Manipulating slip bushes, etc. . 12 ,, 

5. Manipulating reamer . • 7 

6. Reaming . . . . 6 ,, 

7. Gauging . . . . 10 ,, 


77 seconds 


At this stage it will be as well to detail exactly what the 
above constituents include — 

(1) Locating and securing component in jig; removing 
it after completion and cleaning jig. 

(2) Placing jig under drill; lowering and raising the 
drill before and after cutting. 

(3) Drill-cutting time. 

(4) Exchanging reamer for drill and reamer bush for 
drill bush. 
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(5) Similar to 2 but for reamer. 

(6) Similar to 3 but for reamer. 

(7) Gauging the hole with a limit gauge. 

For components B and C the records were — 



B 

C 

Picking up 5 components and placing handy 
Exchanging slip bushes and the drill for the 

7 

- 

reamer ....... 

10 

_ 

Load (same as i) . 

26 

29 

Manipulation (same as 2) 

2 

2 

Drilling (same as 3) 

9 

10 

Manipulation (same as 4) 

12 

12 

Manipulation (same as 5) 

6 

6 

Reaming (same as 6) . 

8 

6 

Gauging (same as 7) . 

Exchanging slip bushes and the drill for the 

— 

4 

reamer ....... 

12 

13 


92 

cs-a 

82 

Now although the observation on A includes 

the time 


from picking it up to depositing it when finished, the 
cycle was not complete. Omissions of this kind are easy, 
and those who are not experienced in the business and 
" take out their watch to see how many the fellow can do ” 
are extremely likely to be wrong. “I saw him do it in 
77 seconds.” Yes, but the reamer was stHl in the chuck; 
there would have to be exchange of slip bushes, too. On 
the other hand the time of 92 seconds for B is swollen 
by two items. The picking up of 5 components should be 
shared among 5. Infrequent constituents like this must be 
reckoned, yet can very easily be missed in a short observa- 
tion. The other item which inflates the time for B is the 
duplication of the constituent which was left out of A’s 
record. Exchanging slip bushes and the drill for the 
reamer occurs twice. 

But example C is fair. If that alone had been observed 
it would have given a sound basis on which to fix an 
operation time. An examination of the remaining con- 
stituents shows no strange variations with the exception 
of the gauging time. Apparently, gauging every com- 
ponent was not necessary as no time was spent on B for 
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this purpose. The records gave no indication of why A 
took 10 and C only 4 seconds to gauge. That might be 
something to investigate. 

Studies like the above often reveal errors of a very 
different kind: they may be used to detect faults and 
deception. It is a fact that unpractised operators will 
occasionally make deft movements, and the man who 
^vishes to deceive b}^ retarding an operation during an 
observation vdll rarely do it consistently through several 
cycles. Sometimes he \vill fumble this and sometimes 
that; in the course of one C5^cle he viU appear to have 
trouble wdth constituents which are performed smartly 
during others. Inconsistency in the performance times 
of the constituents is a sure sign of something or some- 
body reqiniing correction. The fault may be with the 
operator or vdth his tools or with the components he 
works on ; in any case investigation vill be profitable. 

An observer soon learns that the fastest workers always 
appear to have a good deal in reserve. Speed is closely 
alhed to dexterity and is far removed from hustle and 
bustle. This maj’’ seem queer; but a httle reflection will 
show how imiversally this statement applies to high skill 
in sport as well as handicraft. It is particularly in 
e\ddence in processes such as fight assembling which 
depend mainly on manipulative skill. The greater the 
skill of the performer the more luckj’^ he appears to be in 
missing the troubles which beset the majority. 

Not infrequentl}’’ operators are unable (really unable) 
to work at a desired speed, because the}’’ are comdnced 
that it is impossible. Their foreman may hold the same 
opinion. The best remedy is demonstration. This is well 
illustrated by an experience vith ten yoimg men operating 
capstan lathes. All were doing the same job on first-class, 
weU-equipped machines, and no amount of drive or 
persuasion could obtain more than 70% of the expected 
output. 

In ordinary circumstances the management would have 
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provided extra machines, but the personal pride of the 
man most responsible was involved and he arranged for 
the best turner in the works to operate one of the capstans 
for a few weeks. 

As always with first-class men, this operator did the job 
in a way which looked casual and easy-going but was very 
fast. Not to be beaten, his fellows competed, and within 
three weeks their output was satisfactory. 

Many examples of this kind could be given. Those who 
attend sports meetings can often see the "I can't” look 
on a high-jumper’s face as he takes his run. With 
that look, with that inner feeling, he is beaten before 
he jumps. 

Electrical resistance coils for heating elements are 
often wound on long thin mandrels. These mandrels are 
chucked at one end, supported at intervals by steadies, 
and the tail end is held in a rotary sleeve in such a way 
that tension exists in the mandrel to minimize whirling 
when it is running at about i,ooo r.p.m. The machines 
are similar to small centre lathes and are driven either 
by small electric motors or by belt from a shaft. In either 
case there is pedal control of rotation in order to leave 
both hands free to tend the wire and shift the steadies 
as requisite. One end of the wire is secured to the chuck ; 
when the mandrel spins the wire is drawn upon it to form 
a close coiled spring, perhaps 48 inches long with a core 
diameter of ^ inch. The wire is guided entirely by hand. 
A little practice proves that it is a much easier job than 
would appear, but one where individual skill varies 
considerably. The moment a fault occurs winding is 
stopped by the release of the pedal (either by breaking a 
switch or by releasing a friction clutch) and is resumed 
after correction. 

A record is given below of an observation on five con- 
secutive cycles of winding by which five coils were pro- 
duced. For the purpose of studying the operation it was 
divided into constituents thus — 
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A. Take up mandrel, chuck ends, arrange steadies 
and fix Yure to chuck. 

B. Start ^vinding slowl}^ (by working the pedal on 
and ofi) for a few turns. 

C. Wind the length at full speed (subject to faults 
and corrections). 

D. Stop. Cut ^vire and twist end to prevent helix 
from coming undone. 

E. Remove mandrel vdth coil from machine, slip 
coil off mandrel and lay it on bench. 

These constituents are all fairly complex but yet sufii- 
ciently simple to discover the information which was 
desired. 


Constituents 

Cycles 

Averages 


rst 

2nd 

3rd 

4 th 

5th 


A 

36 

40 

30 

32 

3S 

35-2 

B 

5 

6 

10 

7 

6 

6-8 

C 

4S 

50 

82 

■ ■ 

65 

63-8 

D 

iS 

14 

10 


12 

I2-8 

E 

30 

27 

28 

II 

38 

31-4 

Totals 

137 

137 

160 

157 

159 

150-0 



■■■■■■ 






On the whole the cj'cle times vary too much from the 
mean to be satisfactory considering that the operator 
was experienced. Some variations will occur in observed 
times because the demarcations between the various con- 
stituents are indefinite ; but this will not aSect appreciably 
tlie overall c5’^cle time observation. A study of the con- 
stituent times discovered the major cause of the excessive 
times occupied by the last three cycles. 

Constituent A. Cycles 2 and 5. In both cases slight 
trouble, possibly excusable, in fixing the wire to the 
chuck accounted for delay. 

Constituent B. The start was always waxy to prevent 
either lapping or open spaces between coils. By gently 
depressing and then releasing the pedal the operator 

»— <B.a489) 
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could make the first few turns at a low speed. In the 
third cycle the start was unusually prolonged without 
any obvious reason. 

Constituent C. In this a variation was to be expected 
if there were recurrent faults to be corrected. There was 
nothing obviously troublesome or wrong except the vari- 
ation in time. 

Constituents D and E. Although the variations were 
too great to be satisfactory there was nothing very definite 
to criticize. 

What, then, was the explanation ? Since there were no 
hitches in constituent C yet the time taken varied from 
48 to 82 seconds, the actual winding or r.p.m. must 
have varied. There could be no other reason. Under the 
bench on which the winding machine was mounted there 
were boxes containing various components. When these 
were removed and a clear view of the pedal working was 
obtainable the problem was solved. By skilful use of the 
pedal the operator could run the machine at a fairly 
constant speed well below the maximum. And that was 
the reason for the false times. 

There is another and very valuable way of guarding 
against misleading observations. It must be used 
judiciously or it may be unfair. For computing a fair 
cycle time in the above case the inflated times should be 
struck out. But since the retention of only the low times 
tends occasionally to give too small a total, the high 
times should be replaced by the average figures. Con- 
spicuously low constituent times in any cycle are usually 
the result of incorrect recording and should also be replaced 
in the same way. The average times may be expressed in 
the nearest roimd figures as shown in the adjusted table 
on page 25. 

The new average on the adjusted basis is 138-6 seconds. 

The reduction is not great, only about 7% ; but any 
justifiable saving, however small, is worth while. 

When work is being done briskly, and every one engaged 
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Constituents 

Cycles 


1st 

and 

3 r'i 

4th 

5tli 

A . 

35 

35 

30 

32 

35 

B . 

5 

6 

7 

7 

6 

C . 

48 

50 

64 

64 

64 

D . 

13 

13 

10 

10 

12 

E . 

30 

27 

28 

31 

31 

Total . 

131 

131 

139 

144 

148 








appears to be industrious, it is rarely easy to convince 
superintendents that substantial improvement may be 
possible. Too often energy is frittered away in im- 
profitable business. The next example is an illustration 
of this. 

A machine operation took, on the average, four minutes 
to complete. Ten girls attending to ten machines were 
fully engaged on it. The section bore a good name for 
efficiency and was imdoubtedly hard working. Yet a 
casual observation followed by a little rearrangement 
increased the output per machine by nearly 80%. 

The observation showed that the actual floor to floor 
time was barely two minutes. This was incredible. A 
thorough study was made, a girl of medium ability being 
the subject, in order to obtain dependable figures. It 
was fovmd that when a few components had been com- 
pleted she carried them in a tray to the inspector's table. 
Next she would prepare her supply of materials, frequently 
having to visit the sub-stores, where the bulk was kept, 
and wait her turn to be served. The cure was obvious, 
namely the emplo5unent of an extra girl to save the others 
from running about, and a better stores service. In this 
way the increase of output was easily maintained. More- 
over the waitress had time to do other useful work besides. 
Niggardliness in providing labour of this kind is a common 
fault, being encouraged because it saves wages which 
many regard as non-productive. If efficiency is sought the 
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idea of productive ana non-productive labour must be 
firmly dismissed. There is direct labour and indirect 
labour. A wise combination of the two gives the most 
profitable results, the whole of the labour being helpful. 
Fig. 2 shows a pair of forgings to be milled on the faces 


/'CUTTICR. Ny 



Fig. 2. Milling a Pair op Forgings 


A and B. They are held in parallel as at C and D on a 
fixture ; the sizes are stated in inches ; the material is 
40-ton steel and about inch is to be removed in one 

cut. 58 4 80 

An observation of four consecutive cycles gave the 
results tabulated on page 27. 

The outstanding time for the third cycle was due to 
clearing away accumulated swarf. A partial clearance was 
made at every cycle and a thorough cleansing for every 
fourth pair of components. 

Nearly 40 seconds per component for swarf clearance is 
grossly excessive. The period of 71 seconds for loading 
and unloading is rather high, too. In fact there is nothing 
quite satisfactory about an}'- of the constituents, although 
the operator was undoubtedly competent and industrious. 
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Constituents 

I 

n 

3 

4 

Unload 2 components 

Clean away swarf . 

40 

45 

30 

35 

40 

30 

210 

30 

Load 2 components . ■ . 

90 

120 

105 

105 

Adjust cutter, etc. . 


30 

30 

30 

Mill faces A . 

175 

165 

170 

170 

Wind table for faces B 

20 

25 

20 

20 

Mill faces B . 

165 

1S5 

170 

175 

Raise cutters .... 

=5 

-5 

30 

25 

Return table to start 

15 

20 

15 

15 

FFT per component . 

595 

297 

645 

322 


605 

302 

!■■■■■■ 

]■■■■■■■ 



Yet it would scarcely have paid to make changes unless 
the quantities to be machined were large. If a machine 
has been equipped at considerable expense the possibilities 
of very substantial savings must be apparent before 
radical changes can be made on economical grounds. It 
is general!)!’ easy to improve on any operation as regards 
time, and not so easy to do it so that it will not actually 
waste money. Or, to put it another way, there is no real 
economy in saving 1,000 hours in tlie machine shop if 
2,000 hours have to be expended in the tool room in order 
to effect it. 

Out of an average FFT of 330 seconds per component 
the constituent times were, in round figures — 


Clearing away swarf . 
Loading, etc. 

Winding table . 
Adjusting cutter height 
Cutting 


40 seconds 

71 .. 

19 



One naturail)' thinks of a cutting operation as being 
principal^ devoted to cutting. Yet, as in this example, 
it is common for the incidentals to amount to nearly 
half, and often more tlian half, of the whole C5'^cle time. 
An increase in cutting speed or feed may easil)’’ defeat 
its object because of extra cutter grinding (invohdng 
labour in another place) and machine delay in exclianging 
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cutters. Generally speaking, unless there is obvious need 
for alteration, speeds and feeds should’ not be attacked 
first. 

In this case no great improvement could be made 
without a heavy expense. A vertical milling machine 
would have been an improvement yet would not have 
avoided the swarf trouble. It should be noted that the 
operator had other duties to perform, so could not clear 
away chips during cutting time. Again, the 27 seconds 
per component for adjusting cutter height was necessary 
because the components could not be inserted in the 
fixture without plenty of clearance. This points to face 
milling working from the centre outwards for both ends 
as being the right method. Then, remembering that face 
milling with a horizontal spindle could be arranged so 
that the swarf would fall quite clear of the fixture into a 
receptacle from which a labourer could take it at intervals, 
one is led to the conclusion that face milling on a hori- 
zontal machine is the best method if the component can 
then be easily lifted into and out of the fixture. This 
arrangement should also economize on the 19 seconds 
spent in idle table travel. 

In the above example 172 seconds was the average 
cutting time per component. Had that alone been 
attacked there could not have been much saving. It was 
only about half the floor to floor time and was not 
susceptible to so much improvement as was actually made 
by putting into practice the whole of the above suggestions 
which resulted (including some decrease in cutting time) 
in a floor to floor time of 140 seconds as compared with 
328 seconds, a saving of 188 seconds. 

While an observation is being made the faults in 
method or manner should be noted, but no attempt 
should be made to correct them immediately. It is 
tempting to endeavour to do so but there are good 
reasons for waiting. In the first place any operator is 
upset to some extent by being watched. Any comment 
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or criticism may “rattle” him and cause the study to be 
misleading. Moreover, secret observations on an extensive 
scale are not practicable. Consequently every observer 
should proceed openly, quietly, and, if possible, not 
grimly. If the conditions prove to be so bad that it 
would be well to defer the observation, let that be decided 
upon immediately after the preliminary sur^^'ey is made. 
The recommendations for improvement should be written 
and given to the man responsible for carrying them out, 
with full verbal explanations. Briefly written notes will 
suffice but they should be in a definite form, as an order. 
\Vhen the operation has been put into a state fit to study 
in detail the observation vull still probably reveal many 
defects which can then be dealt \vith suitably after the 
study is complete. The business must be considered as a 
whole. Corrections made as an operation proceeds may 
be patchy in their effect. This is the second good reason 
for not making them then. A third reason is that deferring 
the corrections economizes time all round: it minimizes 
delay in production, enables tune study men to get through 
more work, and is better for foremen. 

As already stated, any operator, whether clumsy or not, 
will, during the course of several repetitions, perform each 
simple constituent at approximately the ideal rate now 
and again. This rule does not apply to complex consti- 
tuents ; they should be subdivided as found necessary. 

Mffien the performance time of a given constituent 
varies much for no obrious reason the exaggerated times 
may safely be ignored when computing a fair time ; but 
care should be taken to make sure that there are no 
variables out of the operator’s control. Regularit}'^ comes 
onl}’- from sldll, or long practice. A knowledge of the 
experience and ability possessed by the operator is 
therefore helpful. However, it is not essential if the 
anal5'sis and elimination are well done. 

Different men observe and record times in various 
ways. Most prefer a stop watch. Actually a stop watch 
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has little advantage except for very short and ranid 
movements. For machine vork a speed indicator is 
desirable, especially for small brass and alnmininm parts. 
But to save frequent repetition each machine should have 
a label vrhich states the various speeds and feeds it 
actuall}’’ can give, so it is onl}’’ necessar%- for this ground 
to be covered once. 

Some obsen^ers use tv,’o vatches, one for the overall 
time and one for constituent times. A split second hand 
ma}^ be used similarl}'. But v.^hen the constituents foHov 
each other rapidly their stud}' has to be carefully planned, 
some being obser\-ed during one and the rest in other 
cycles. If an operation contains five constituents the first 
and fourth ma}' be obsen’’ed during one C3'cle, the second 
and fifth during the next, and the third in the succeeding 
cycle. The spacing is necessarv' because the times have 
to be recorded. It would be possible to construct an 
obsen'er’s clock v.ith a roll of paper moving on a drum 
on which he could make conventional signs to indicate 
the time each constituent began and ended. Such a derice 
would save much time in those works 'where rapid opera- 
tions are regularly and minutely studied. 

Before any timing is attempted a programme of 'what 
is to be obsen'ed should be tabulated. If only the noor 


to floor time is 'wanted the matter is quite simple, needing 
onh’’ a decision as to the starting point. Y.Tien quantities 
are large enough to pay for more detailed information, 
but 5'et not vert' large, the loading time and the cutting 
(or other process) time can be taken as well as the 'whole 
C3'cle time. From these the manipulating time can be 
derived, it being the difference berween the last and the 


sum of the first ttvo, Vvlien a stiii finer analt'sis is derir- 


able those constituents which are to be examined can be 
split as desired into smaller ones. As a rule the main 
divisions of the operation will be obvious from a pre- 
liminar}' sunm}'. 

The first example illustrates ho'.v to use an ordinary' 
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watch for finding the floor to floor time for each com- 
ponent. This takes no longer than taking the overall 
time for a number of components and tlien finding the 
average. 

Operation. Drill i hole fg- inch dia., \ inch deep. 

Datum Point. Picking up component. 


Starting time . 

. = 5S 

20 

Elapsed Time 

25 seconds 

Finish (i) 

' 5S 

45 

-7 >' 

.. (=) 

50 

12 

»• (3) 



-3 ■■ 

59 

35 

37 


.. (4) 

. 3 — 

12 

=4 

• • (5) 

• 3 — 



Starting time . 

. 2 58 

20 

136 seconds 

Total for (5) = 

2 

16 


Average == 

27 seconds each 



This chart can he prepared beforehand ready for filling 
in the times in due course. The object of subtracting the 
starting from the finishing time is to clieck the arithmetic. 
The sum of the c^xle or elapsed times, 136 seconds, must 
be equal to the whole time, 2 minutes 16 seconds. The 
elapsed times are filled in after completing tlie observation. 

If the seconds hand be closely watclied there is no 
difficulty in making such observations correct witliin 
two seconds for each separate cycle with a ver)’’ small 
average error. 

^^^■ly the sudden increase to 37 seconds for the fourth 
component ? The reason should be noted on the chart. 
If the cause of the delay be removed the cycle time 
reduces to 25 seconds, a difference of about 8%. 

For finding constituent times the method just e.xplained 
can be applied, but unless large work is being observed 
there will be breaks in continuity owing to the time 
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necessary to record results. If tivo watches are used one 
may be run continuously so that the floor to floor times 
can be taken regularly. 

But the most satisfactory observations are those which 
give a full record of all that happens during the v/hole 
period. If the obser\’’er’s attention is given else%vhere for 
a v/hile, if a tool breaks, if the operator goes av/ay to have 
a chat, the record shov/s it. The constituents must be 
chosen carefully and flexibly. There must be space left 
for noting extraordinary occurrences and for var}^ing a 
constituent to include more or less to suit the circum- 
stances. If the business is rigidly conducted to discover 
certain facts the results may be useful. \’l'''ith more fiexi- 
bilit3^ much additional and valuable information becomes 
available. This kind of observation is not worth v.’hile 
unless preliminary surveys have resulted in the general 
conditions being satisfactoI3^ 

The form of chart recommended for making continuous 
records is shovm in the time study sheet (Fig. 3). A heading, 
v/hich is not shovm, gives the foUo'vving particulars — 

Name and Title of Component. 

Number and Description of ^Machine. 

Number and Description of Operation. 

Observer's name. 

Operator’s Name and Check Number. 

Date of Observation. 

jilaterial. Speeds, Feeds, etc. 

Particulars of Cutting Tools and an\’’ other 
essentials. 

On the left hand is the column for the main constituents. 
To the right of these are five columns for observing five 
cycles. It is not desirable to have more than five because 
an eye must be kept on the constituent column while 
figures are being %vritten in the others. The sixth and 
later cycles may be continued on similar sheets, A stop 
watch is slightly easier to read than the ordins-ry kind 
if it has a plain face not obscured with conversion 
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figures. The plainer and easier to read, the better is the 
watch for this purpose. There are many things to observe 
simultaneously: the operator and his work, the watch, 
and the record form to see that figures are entered in the 
correct space. With practice it is not difficult to record 
in this way unless the chosen constituents take less than 
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Fig. 3. Time Study of Capstan Operation 


about two seconds. Since the watch is only read to the 
nearest second it is not to be expected that the records 
will be quite uniform, even if the motions were made at 
a constant speed. For instance, if a constituent occupied 
always 4*5 seconds it is probable that the observer would 
sometimes write 4 and sometimes 5 seconds as the time. 
It is probable, in fact, that he would occasionally write 
3 or 6 for, in a swift business like this, there are bound 
to be occasional misjudgments. But the average will not 
be far out. 

The small columns are for entering the observed times 
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in minutes and seconds. Space is left for notes on 
occurrences out of the expected routine. For convenient 
reference the constituents in Fig. 3 have been marked 
A.B.C., etc. The cycles are numbered. 

The Time Study Sheets shovm in Figs. 3 to 6 relate to a 
capstan operation the constituents being as described 
therein. 


It is convenient to have a board on which the forms are 
clipped in such a wa}^ that they may be quickly turned 
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Fig. 4 . Tn.iE Study of- Capstan OpePvATIon 


over to make the continuation sheets accessible. The 
stop watch should be secured to the board in the rigbt- 
hand top comer, where it can be controlled with the -left 
hand. The starting point having been settled and noted, 
and the names of the constituents vnitten in, a start can 
be made. 

"Feed to Stop,” or A, is the first constituent. • It starts 
at zero and finishes at o minutes 05 seconds. ■ The next 
entr}’’ is 17 seconds corresponding vith the finish of con- 
stituent B. Similarly C ends at o minutes 24 seconds. 
But there is the intermediate entr}^ of 19 seconds. This 
is the time shown by the watch when the indexing and 
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sliding of the turret was ended preparatory to screwing. 

Since tlie production is continuous during the whole 
observation, the end of one motion occurs at the same 
instant as the next one starts, but it is necessary to think 
of and record either all the ending or all the beginning 
times. It does not matter which, but they must not be 
confused. 


The turning B ended at 17 and the manipulation at 
19 seconds. Hence the manipulating time is the difference, 
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Fig. 5. Time Study Sheet Extended 


or two seconds. Similarly, with D and E the manipulation 
dimes are recorded under the figures which belong to the 
principal part of the constituent and in the space above 
the constituent for ’ which they make ready. There is a 
reason for situating them thus : if thej’- were placed in the 
space below, just over the constituent which they anti- 
cipate, the last manipulation in the cycle at E should 
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logically be transferred to the head of the second cycle. 
This would occur in each case. Therefore the last move- 
ment of cycle 10, Fig. 4, being transferred to cycle ii, 
which was not recorded, could very easily be forgotten. 
It is very important to have the starting and real finishing 
times correct because they provide a means of checking 
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Fig. 6. Time Study Sheet Extended 


the others. That, too, is a good reason for always record- 
ing finishing and not starting times of constituents. 

At cycle 3 the constituent B did not follow the usual 
course. Gauging showed tool adjustment to be necessary 
and extra time was taken. Details were not recorded 
during the first part of the fifth cycle. E for the next 
component contains the word Rested, signif5dng that the 
operator took a short rest. 

The next step after observing 10 cycles, is to derive 
from the record the constituent times and to fill up the 
gaps as considered reasonable and necessary. 

The extended time study sheets. Figs. 5 and 6, indicate 
how this may be done. The extensions may be on the 
original sheets in practice. One cycle starts immediately 
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the pre%'iou5 one ends. Hence a finishing time can be 
carried, as sho^vn, to the starting times of the next cycle. 

Of course the y’atch could have been reset so that each 
cycle began at zero, but about one or two seconds would 
be lost each time, and the amount is uncertain. More- 
over, the obseiY’er would tend to follow the times of the 
first cycle ; he could not avoid being influenced by them. 
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Fig. 7. Time Study Soimary Sheet 


The last movement of the seventh cycle was not recorded, 
consequently it cannot be entered at the start of cycle S. 

By subtracting the starting from the finishing time for 
each cycle the FFT is ascertained. For cycle i it is 47 
seconc^. For cycle 2, 4, 5, 6, o, and 10 it is 48, 50, 53, 58, 
52 and 53 seconds respectively. 

From "Start” to “Feed to Stop” took 5 seconds, and 
that amount is entered as shown in C3'cle i. In cycle 2 
the same business took 6 seconds because it started at 
o minutes 47 seconds and ended at o minutes 53 seconds. 
The records show, too, that manipulating the turret 
ended at o minutes 55 seconds and thus consumed 
2 seconds. Turning is entered as finished at i minute 
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05 seconds, and therefore occupied 10 seconds. And in 
the same -vvay all the other figures v.diich can be directlv 
deri-v'ed from the first records have been entered in the 
extended sheets. 

The next step is to fill in, according to judgment, times 
which may safely be surmised if it appear that the direct 
records are inadequate. In the Summary- Sheet (Fig. 7} 
the constituent times are tabulated from the extensions. 
An examination of the record shows that manipulation 
before turning and the actual cutting time were recorded 
distinctly only four times. But the combined times were 
observed also in cjules i, 4, 7, 8 and 10, the amounts 
being 12, ii, 16, 12, 15 and 12 seconds respectiveh/. It is 
safe to assume from inspection of the other figures that 
12 seconds is a reasonable total, 2 seconds being spent in 
manipulation, and these have been inserted, as shown, 
for cycles i and 7. Such derived figures have been under- 
lined in Fig. 7. Zdanipulation B was obsen'ed five times 
but included gauging in cycle 6. From inspection, again, 
it is evident that 2 seconds as added to cycle 7 is reason- 
able. Similarly wdth the other interpolated figures, what 
appears to be level with the general practice is accepted 
and other figures ignored until at least five correct re- 
sults ma}^ be assumed to have been obtained for each 
constituent. Constituent E, ctmles 2 and 9, has manipu- 
lating times which are doubtful and are therefore 
discarded. 

The average time for each constituent is ascertained 
adding the figures from left to right and di^*iding by 
the number of obsewrations. The total of the averages 
gi'ces the ct'cle time. It does not include allowances for 
gauging, inserting fresh bars, or for attention to tools. 
The manner of dealing '.vith these will be considered in a 
later chapter. 

"Feeding to Stop" is equivalent to the more general 
term "Load" and look 5*44 seconds. Cutting time was 
distributed thus — 
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Turning ..... 9-67 seconds 

Screirfng ..... 5-0 „ 

Forming ..... 5-40 „ 

Parting og . . . . 6-33 

Total .... ^6-40 seconds 

Machine manipulation . . 16-67 seconds 

Total cycle time . . . 45-51 „ 


If the separate cycles which contain no extras are 
averaged the result is 51-5 seconds. And if the average 
were taken as a tenth of the whole observed time for the 
10 complete cjxles it would be — 


II minutes 3 seconds 

g = 66-3 

10 


seconds. 


This, it is evident, would be misleading; and it must be 
so because it contains extras which normallv should be 
separately* allowed for in fixing a basic time. There is no 
objection to the extras provided their extent is knov.m 
and it is certain that they are nonnal as regards the rest 
of the work. But if they are already present it would 
not be just to include a further allovrance for them in the 
basic time. It is safest to eliminate them. Then the 
allowances proper for this class of work, as determined 
by numerous observations, can be given fairly. 

Some indication of gauging, bar feeding and tool 
adjustments can be gleaned from the record in Fig. 3. 
Xothing very* definite, however, can be affirmed vrithout 
much more evidence. At B.3 the turned diameter was 
gauged and the process took 4 seconds. At B.6 it took 
6 seconds but included manipulation. Since this manipu- 
lation usually* occupied 2 seconds the gauging again may 
be assumed to have taken 4 seconds. Similariy at C.3 
gauging the thread plus manipulation took 22 seconds 
Manipulation being as before the thread ga'uging may be 
assumed to have taken 20 seconds. Inserting a fresh bar 
is recorded after E.2 and took 2 minutes S seconds, while 
facing the end ready to start afresh occupied from 
2 minutes 43 seconds to 3 minutes 9 seconds, or 26 seconds, 



40 PLANNING, ESTIMATING, AND RATEFIXING 

These times appear to be excessive and could not be 
accepted as normal without more details and further 
observation. In the same way the tool resetting record 
is inadequate. But it will be evident that this method of 
recording can be made to yield very detailed and complete 
information according to the skill of the observer and as 
required. Naturally, when once a sufficient amount of 
data has been collected it will not be necessary to abstract 
more from the observation records; the work of time 
studying will generally end with the tabulated results as 
shown in Fig. 5. 

Particulars of the r.p.m. and rate of feed should be 
taken before the time observation is commenced to 
ensure that they are suitable and as desired. Many believe 
that speeds and feeds should be controlled by foremen or 
rate fixers. There is not much alternative in some kinds 
of production, but on repetition work it always pays for 
them to be specified in the manner which will be explained 
in Chapter X. 

Production operations involve time spent in the 
following ways — 

(a) Preparation, that is obtaining instructions, draw- 
ings, tools, gauges, etc. 

(&) Recording. This includes booking time against the 
job (by clocking on and off or otherwise) and 
checking quantities as the work proceeds. 

(c) Getting materials placed ready to pick up for 
operating upon them, and placing them when 
finished ready to be taken elsewhere. This some- 
times involves a considerable amount of transport 
and handling which ought to be separated from 
direct production. 

(d) Setting up machines ready for production ; getting 
the inspector’s approval of the work done on 
sample components ; cleaning machines (this refers 
to occasional partial cleaning rather than the 
weekly clean down). 
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(tf) Loading and unloading, or setting and securing the 
work in position for operating upon it and removing 
it when finished. 

(/) The effective work, such as assembling, cutting, 
painting, and so on. 

(g) Manipulating the machine and tools for (/). 

(h) Resharpening and resetting tools. 

(t) Gauging. 

(j) Delays due to various causes, and fatigue. 

These are not invariably allowed for in the same way. 
The chosen method depends on whetherthe production is — 

(i) Non-repetitive as in general engineering and tool- 
room work. 

(2) Repetitive but in small quantities. 

(3) Continuous or in very large quantities. 

For (i) the items (a), (b) and (i) may be classed together. 
Often (c) is also included but it is better to separate it if 
materials have to be searched for or the stores service 
is poor. The average actual times imder ordinary con- 
ditions for these \vill be given later. As examples, the 
sum of (a), ( 5 ) and {d) averages 15 minutes for the simplest 
operations such as shaping a small part which can easily 
be held in a vice ; or drilling one or two sizes of holes on 
a sensitive drilling machine ; or straightfonvard fitting or 
assembling. An actual time of 20 minutes suffices for 
much other light simple work. If gears have to be calcu- 
lated and set, a further 15 minutes is needed unless the 
calculation is for a compound train of unusual ratio, 
when 30 minutes extra will be needed. 

If bolts and clamps have to be sorted out an allowance 
in accordance with the shop conditions must be made — 
a common figure is 30 minutes. Heavy work or that which 
requires the improvisation of special tackle must also be 
judged by the circumstances. There may be considerable 
uncertainty beforehand and in that event the rate fixer 
usually has to arrange the price after the work is done 
and not before it is started. 
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As a matter of fact, in non-repetition v/ork many prices 
or allowances are not settled until the work is v/ell 
advanced. This is not so much that a pre-estimate 
cannot be made as that the rate fixer, having to take the 
jobs in rotation, frequently has more on hand at once 
than can receive his immediate attention. One may infer 
that ratefixing in that case cannot be ver^’- efi&cient. Yet 
that would hardly be fair. The onlj^- just comparison is 
that between the results from piece-work and from day- 
work imder conditions which are alike in all other respects. 

Work which is mass produced is made faster than if it 
were produced in small quantities vdth the same plant. 
A change m quantities is a vital change in conditions. 
With equally hard working in both cases the labour costs 
for a given quantit}^ of output will be difierent, and this 
fact vdU be reflected in the piece-work prices. But this 
is not evidence that the ratefixing in one case is superior 
to that in the other. 

And because a rate fixer is not always able to price a 
job at the start there is no reason why he should not be 
fair. A rate fixer can deal efficiently vdth from 8o to loo 
men engaged in general production when ver}^ little of it 
is repetitive. There are occasions every week when rivo 
or three rate fixers would be unable to keep pace vrith the 
requests for contracts arising from among such numbers, 
yet the services of another rate fixer would not be justified, 
taking the week as a whole. Consequent!}’’ the requests 
have to be considered, and the piece-work contract tickets 
made out, in the order which seems best to the rate fixer. 

The only danger of making contracts late is that the 
man may slack vdth the hope of getting more than a fair 
price, or that the rate fixer may be unjust the other way. 

When the work is repetitive in small batches itefns 
{a), {b) and (d) occur but once for each batch. The record- 
ing (5) is done by the operator but (a) and {d) are often 
done by a setter, while a labourer, who may be assisted 
by the operator, attends to item (c). 
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In that case these items do not usually rank as direct 
production costs and they are not included in the opera- 
tion. Sometimes setting is put on a piece-work basis. 
The difficulty lies in the fact that the work cannot always 
be clearly defined. The setter’s work is not finished when 
sample components have been passed bj- the inspector: 
he has to maintain the correct adjustments during the 
whole production; that is, he attends to item (A). To 
change a set-up from component A to suit component B 
may require a complete stripping from the machine of 
all the tools and replacement by entirelj’^ different ones, 
whereas the change over from C to B may involve only 
-trifling adjustments. 

It is essential for any piece-work contract that the 
work to be done shall be clearly defined on the contract 
ticket. If less work is done the contract is either void 
or pajment may be made for that part which v^s properly 
completed. Similarly extra work has to be paid for, 
either b}’’ re\’ising the contract or by issuing a supple- 
.mentaiy- ticket. 

In fact a rate fixer often has to issue piece-work tickets 
-for supplementarj’’ work. The material may be more 
-difficult to work than usual or was expected; some 
additional work may be found necessar}^ owing, perhaps, 
to a fault}'- drawing, or to the operations not foUovfing the 
proper sequence. There are many possible reasons. And 
if tire contract notes have alread}^ been dispatched, as 
previously described, it is better to issue a supplementary' 
■ticket than to withdraw and replace them. 

The rate fixer also has to issue day-W'ork tickets for 
those men who are not continuous!}' on day-work. 
Ob-viously if a man does piece-work and day-w'ork alter- 
nately he could, if there w'ere not careful control, over- 
charge day-w'ork to his owm advantage. To prevent this 
from happening the rate fixer has to issue a ticket similar 
to that used for piece-work (it is often of a different colour 
to facilitate separation), defining the w'ork but making no 
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contract. Such tickets are controlled, as regards time 
booking, etc., exactly as for piece-work, and so prevent 
dishonesty. 

In any sound piece-work system idle time should be 
paid for through day-work tickets. By idle time is meant 
those periods during which an operator is prevented from 
working by reasons out of his control. It does not often 
apply to long periods, for an operator should be released 
and passed out of the works if it is known that he must 
be idle for, say, several hours. There can be no rule 
about this; each case must be judged according to 
circumstances. 

But to insist on having operators paid for the time 
they waste while waiting for a foreman, or a tool, or for 
materials, has the advantage of showing at the end of 
each week, when accounts are made up, how much defective 
management has cost. In some works and in some 
trades such idle time is not recognized and is not paid for. 

The responsibility for day-work tickets for idle time, 
or any other purpose, is shared by the foreman with the 
rate fixer, they issuing them jointly. And since day-work 
time is only allowed to be booked from the time the 
ticket is issued, the foreman has warning that either he 
must find the operator work immediately or have his idle 
time account charged. 

On continuous production {a) and {d) occur infrequently 
and any allowances for ip) and (c) are usually included 
with the fatigue time. Except when there are many 
changes in the design of components a rate fixer can 
attend to about i,ooo men engaged in mass or continuous 
production. A great deal of his work consists of issuing 
supplementary or special day-work tickets as just 
described. 



CHAPTER III 


DRILLING AND TAPPING 

Drillia'C is a suitable process to studj* early because ot 
its simplicit}^ Once the method of constituents is grasped 
for an3' process its application to others is comparatively 
easy. There are men -svho seem to know intuitivel3’’ how 
long an operation will take when they have examined a 
component for a few seconds. This is a useful gift to 
possess and can be developed bj* practice. The method 
now to be explained is more laborious. It is also far more 
certain and can be applied to give accurate results for 
t\^es of production outside pre%nous experience. 

The simplest tj^e of repetition drilling is that widely 
used in the light castings trade where the positions of the 
holes to be drilled are determined by dimples in the 
castings. This practice saves jig making and the jig 
loading time is eliminated. It has another advantage: 
the holes will be well placed in relation to the bosses or 
lugs in the castings, whether shrinkage varies or not, 
whereas jig drilled holes will not be spaced vith this 
flexibility of position. Drop forgings are often treated 
similarlj’'. But this method is unsuitable mfless either 
large clearances are permissible or the spacing of the holes 
in relation to each other is not important. 

Although no jig is used, the lifting of the component 
on to the machine table and the reverse motion maj- 
still be termed “loading.” Suitable times to allow are 
sho^vn in Table I, Class i. The times stated will in aU 
cases be the actual times which the constituent ^vill take 
on the average. It is important to note this for, in the 
piece-work S 5 *stem in which time prices are given, they 
are generallj’’ called time allowances and these include a 
percentage over the actual time. 

In the table there are columns for light, medium and 
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hea\y components. A iigM component is here suoposea 
to weigh not more than about 2 lbs., a medium com- 
ponent np to 10 lbs. and anything over that is hea%w. 
Size must also be considered, because a large article, 
although light, perhaps, is unv.ieldj- and takes longer 
to manipulate. The extra time to aUow for un^vieldv 
components is given in the right hand column. 

Obviously it cannot be definitely stated that loading a 
given casting ^vill take 10 seconds. It may take only 
8 or it ma}^ require 13 seconds. One is not compelled to 
adhere rigidly to the table. Yet the error (if an}^ by so 
doing ^viU be triviaL To decide whether 7 or 0 seconds 
should be allowed may require a long time whereas it is 
usuall}' easy to settle whether the work is unvdeld}' or not 
and its approximate weight. The table gives definite 
guidance ; it gives something stable as a basis, yet it can 
be modified as desired. 

Exchanging drills in an ordmarr* key chuck requires 
30 seconds. So does the exchange of small taper shank 
drills when the conditions are satisfactory', which they 
often are not. The 30 seconds includes the time for 
stopping and re-starting the machine. 

The time to allow for lowering a drill into a jig bush 
or a dimple (including moving the work into position, 
which is done simrJtaneo'ush'}, and releasing the lever 
for the drill to rise is 2 seconds on baht and medium work. 
If the holes are wideh* spaced — say* oymr a foot apart — 
aHoyv 3 seconds. It is seldom necessary to allow more in 
sensitiym drilling, but 5 seconds may be necessary* in 
special cases. 

YTien jigs are 'used loading time varies approximately 
as shoyvn in Table I. Loading is understood to include 
cleaning the jig and the machine table besides unloading. 
No yvielding ahorvance is required unless the components 
are of such a length or size, apart from their yreight, that 
e?rtra time is necessar}* to manipulate them and the jia 
fastenings. 
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TABLE I 

Sensiti\'e Dru-lixc. Loading Times 



Light 

Mediura 

i 

Heayj’- 

Wielding 

Allowance 

Class I . 

1 

^ i 

10 

1 

^5 

5 

Class 2 . 

15 1 

25 

40 

10 

Class 3 . 

25 

40 

1 

60 

i 

20 


In Class I are included jigs of the nut-cracker t3^e and 
others in which the location is eas}*, the clamping almost 
instantaneous^ and there is Httle or no cleaning. Well 
designed nut-cracker jigs locate and clamp the component 
with the closing of the handles. Examples in tlie same 
class are drilling split pin holes in rods when the rod is 
located in a vee block and held against an end stop bj' 
hand pressure, and jigs in which the component can be 
dropped or inserted blindl^^ the clamping being effected 
by a cam de\dce in one short movement. 

The jigs in Class 2 have straightforward location and 
clamping defaces which can be operated vdth not more 
than two short movements. iMost open or bridge type 
jigs are in Class 2 unless a spanner or loose ke}' has to 
be used. 

^i'hen location is compoimd, i.e. there is a primar}’^ 
location as b}* a spigot and a secondary positioning by, 
for instance, an equalizing de\ice operating on a lug, 
the times for Class 3 usually apply. Most box jigs belong 
to Class 3. 

The times given maj' safety be used for estimating 5'et 
without settling exactl^’^ what the details of a jig will be 
like. Rate fixers have the advantage of being able to 
see the jigs in use. But if the loading times exceed those 
given there is probabh' something crude about the jig. 
This often happens where it would not pay to give much 
time to designing and making the jigs on account of the 
small number of components for which thej’’ will be used. 
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Nor will the operator acquire dexterity if quantities are 
small. Hence the times in Table I will generally have to 
be increased by 50% for first class jigs used for batches 
of less than 50 and by 100% if, in addition, the jigs are 
second rate. 

Turning a jig over on to another face can often be 
ignored as a constituent unless it requires two hands. 
From 3 to 5 seconds, according to the weight, is then 
usually sufficient. Very massive jigs need up to 15 seconds 
for each turn over by hand. If lifting tackle has to be 
used on account of the weight the time required must be 
estimated in accordance with the conditions. 

On most sensitive drilling machines speed changing is 
too long a job to be included in the midst of an operation. 
When the variation can be made from the front of a 
machine by working a lever, or pressing a push button, 
3 seconds is a fair time for each change. Again it must 
be remembered that a return generally has to be made 
before the cycle is complete. Generally a multi-spindle 
machine is used when a range of speeds is necessary for 
one operation. 

Higher cutting speeds than those indicated in Table II 
are sometimes successful. It is unwise to take higher 
speeds as a basis. What really matters is the rate of 
penetration, and the revolutions per minute is only one 
of the factors which determine that. 

The speeds given in the tables will be referred to as the 
ideal speeds. Ideal speeds are seldom attainable ; one has 

TABLE II 

Peripheral Cutting Speeds for Twist Drills 

Feet per Minute 

Alti TTiini iim ........ 350 to 400 

Soft brass, copper, manganese bronze . . . 150 to 200 

Hard brass, gun metal, phosphor bronze, horn fibre. 


ebonite .... 




. 120 

Mild steel, malleable cast iron . 




90 

Tough steel .... 




. 60 

Cast iron, slate, marble . 




• 50 

Steel castings, 50 ton steel 




40 
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to choose the nearest available, as a rule preferring one 
which is lower iniless the next higher is close to the ideal. 
The rate of penetration does not suffer in proportion 
because the feed can be slightly coarser at lower speeds. 
But feeds much in excess of those tabulated will result 
in overheating, frequent regrinding, and holes out of 
alignment. There is no econom}^ in forcing. 

Most of the sensitive drilling machines in present day 
use are unsuitable for more than 1,500 r.p.m. Hence the 
ideal speeds cannot be approached when drilling small 
holes in brass and aluminium. The difference in output 
is not ver}’’ great, however, because deep holes are com- 
paratively few, and vdth shallow- holes manipulation takes 
far longer tlian drilling. 


TABLE III 

DrILUNG D.VTA for x\l.U>tINlUM 


Peripherai, Speed 400 ft. per Minute 


m 


Re\-s. per 
Incli 

Feed per 
Rev. 

Feed per 
Minute 

Secs, for 

I in. deep 


1,500 

330 

•003 


14 

iV 

10,000 

400 

‘OO25 


2-5 


1.500 

220 

•0045 


0 


10,000 

=50 

•004 

40‘0 

1-5 

i 

1,500 

166 

•006 

9‘0 

7 

i 

10,000 

200 

•005 

50-0 

1-5 


1,500 

140 

•007 

10-5 

6 

rV 

8,000 

166 

•006 

4S'0 

1*5 

i 

1.500 

1=5 

•ooS 

12*0 

5 


6,000 

140 

*007 

42-0 

1-5 


1.500 

no 

‘OOO 

13-5 

4'5 


4.000 

1=5 

•ooS 

30-0 

1-5 


1.500 

100 

'010 

15-0 

4 

i 

4,000 

112 

'OOO 

36-0 

2 

i 

1.500 

00 

•oil 

16-5 

4 

i 

3.000 

100 

•010 

30-0 

2 

1 

1.500 

66 

'012 

iS'o 

3-5 


=.400 

QO 

'Oil 

26-0 

2-5 

i 

1.500 

66 

•013 

19-5 

3 

i 

2,000 

So 

•0125 

= 5-0 

=•5 

I 

1.500 

72 

'OI4 

21'0 

3 

li 

1,200 

64 

•0155 

I9'0 

3-5 

li 

I.OOO 

60 

•017 

I7'0 

3-5 

• 

750 

50 

'020 

15-0 

4 
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TABLE V 

Data for Drilling Hard Brass, Horn Fibre, Phos. 
Bronze, Gun Metal, Ebonite 

Peripheral Speed 120 ft. per Minute 


Dia. 

R.P.M. 

Revs, per 
Inch 

1 Feed per 
Rev. 

Feed per 
Minute 

I Secs, for 

I in. deep 

* 

1,500 

500 

•002 

3-0 

20 

A 

7.300 

600 

•0016 

1 i-S 

'6 


1,500 

330 

-003 

4-5 

14 

•#ii 

4.900 

^20 

•0024 

Ii-S 

6 


! 1,500 

250 

•004 

6*0 

10 

i 

3,600 

300 

•0033 

12*0 

5 

rs 

1,500 

200 

•005 

7‘5 

8 

t'V 

2, ,100 

220 

•0045 

lo-S 

6 


1,500 

176 

•0057 

8-5 

8 

i 

i.Soo 

176 

•0057 

10*2 

6 

A 

1,500 

166 

•006 

9-0 

7 

s 

1,200 ! 

154 

•0065 

7-8 

8 

i 

916 

I. to 

*007 

6-4 

10 

1. 

733 

I '25 

•008 

5 -S 

II 

i 

61 1 

1 12 

•009 

5*5 

II 

I 

45S 

00 

-Oil 

5-0 

la 

li 

366 

84 

•012 

4-3 

14 

li 

305 

75 

•0135 

4 -r 

15 

2 

220 

60 

•017 

3-9 

i 5 
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TABLE Vm 

Drilling Table for Medium Cast Iron 


Peripheral Speed 50 ft. per Minute 


{ 

Dia. 

R.PJM. 

Re\'s. per 
Inch 

1 Feed per 

1 Rev. 

1 

Feed per 
Minute 

Secs, for 

I in. deep 


1.500 

400 1 

•0025 

3-7 

16 


3.000 

500 

■002 ! 

6-0 1 

10 

St 

1.500 

270 

■0037 

5-5 

II 


2,000 

2S4 j 

•0035 

7-0 

9 

i 1 

«> ; 

1.500 

220 1 

•0045 

6-S 

10 

* 

1,000 

166 

•006 

6*0 

10 

i 

764 

142 

■007 

5-5 

11 

^ ■ 

6II 

125 

•ooS 

4-9 

12 


509 

II 2 

•009 

4-6 

13 

i 

3S2 

100 

■010 

3 -S 

16 

i 

306 

go 

•Oil 

3-4 

18 

I 

=54 

So 

•0125 

3-2 

19 

I 

I9I 1 

72 

•014 

2-7 

2“^ 

li 

153 

64 

•0155 

2-4 

25 

li 

127 

60 1 

■017 


28 


95 

50 ; 

•020 

1-9 

32 


TABLE IX 

D.ata for Drilling 6o--ton Steel 


Peripheral Speed 40 ft. per Minute 


Dia. 

, R.P^. 

i 

Re\'s. per 
Inch 

Feed per 
Rev. 

1 

Feed per 
Inch 

Secs, for 

I in. deep 

1 

■5^ 

1,500 

S30 

•0012 

i-S 

34 

A 

2,440 

1,000 

•001 

2-4 

25 

3 ^ 

1.600 

670 

•0015 

2-4 

25 

4 . 

1,220 

500 

•002 

=•4 

25 


S14 

330 

•003 

=•5 

24 

X 

61 1 

250 

•004 

2-4 

=5 

A 

4S9 

220 

•0045 


28 


407 

200 

•005 

2*0 

30 

4 I 

306 

166 

•006 

I-S 

34 

f ! 

244 

142 

•007 

1-7 

35 

2 

A 

204 

125 

•ooS 

1*6 

38 

I 

153 

II2 

•000 

1-4 

43 


122 

100 

•010 

1-2 

50 

li 

102 

QO 

•on 

I-I 

55 

0 1 

j 

76 

S 4 j 

! 

•012 

0-9 

67 
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Since 1,500 r.p.m. is a common workshop maximum 
the r.p.m. are given for that as well as the correct figure 
to suit the peripheral speed. The highest r.p.m. in the 
tables is 10,000. A few machines will exceed this but it is 
not worth troublmg about. There is less drill breakage 
at the high speeds, undoubtedly. Some of this saving is 
due to the excellent balance and order in which the 
quick revolution machines must be maintained. 

The next two columns need no comment. What is 
important is the rate of penetration as shown in columns 
5 and 6. l\Iuch faster rates are given in many published 
tables which, however, do not state how long the drills 
will maintain them. The rates given here are based on 
drills not requiring regrinding untH they have done half 
an hour’s cutting. Perhaps it will be as well to emphasize 
that cutting time is sure to be far less than floor to floor 
time. Very slight differences in driU grinding affect the 
life between regrindings substantially. 

In practice 30 minutes’ working life is a satisfactory 
basis, It should be exceeded where holes are shallow and 
the drill is used intermittently. On the other hand a drill 
can be forced 30% faster and fail in a few minutes. For 
multiple spindle work the individual drills must have a 
fairly easy time to permit a long life. This is obtainable 
by reducing speeds a little and feeds considerably. 

Although the last column states the time in seconds 
for drilling a depth of one inch, some qualification is 
necessary for drflls under f inch diameter: a hole whose 
depth exceeds three times the diameter is to be considered 
a deep hole, and it is advisable to reckon on having to 
withdraw the drill to clear away swarf; hence for, say, 
a ^ inch diameter drill the time given in the table would 
be inadequate as it stands. Most holes do not exceed 
three diameters in depth, consequently the tabulated 
figures generally apply. 

It is to be understood that the speeds and feeds tabu- 
lated are for high speed drills flooded with suds (with 
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the usual exceptions, namely, cast iron, fibre, some kinds 
of brass, slate, etc.), though at the usual attainable peri- 
pheral speeds for small drills carbon steel is just as good. 

The two-lip twist drill wiU not drill deep holes straight. 
Three-lip drills used for straightening previously drilled 
holes should run at the speeds given in the preceding tables. 
The feeds may be doubled if the amount to remove is about 
^ inch from the diameter, otherwise use the feeds as listed. 

For most purposes reamers may be run at half drilling 
speed and twice the feed per revolution. Hence reaming 
a hole takes just about the same time as drilling it; 
not quite, for the drill has farther to travel than an end 
cutting reamer because of its point. A hole drilled through 
a flat (i.e. not dimpled) surface has to penetrate a distance 
of about one-fourth the diameter of the drill in addition 
to the nominal depth of the hole. Three-flute drflls and 
reamers must be allowed to penetrate about | inch 
farther than the nominal depth. Mild steel is often reamed 
at drilling speed. The reamers last well at the usual 
reaming feeds when well flooded with suds. 

The amount of material left for reaming should be 
small. Less than inch in diameter is sufficient for 
f inch and smaller drills where number and letter sizes 
are available. From iV. inch to f inch diameter an allow- 
ance of TvV inch suffices. For larger sizes inch is safer 
if the reamed surface is to be free from blemishes. Unless 
a three-lip drill precedes the reamer, actually less than 
inch will have to be reamed out because the drills 
are sure to cut a trifle large. 

Exchanging slip bushes in a jig frequently takes from 
20 to 30 seconds when the common method of securing 
them with large headed screws is used. The exchange has 
to be made twice, i.e. from drilling to reaming size and 
back again for the next component, making 50 seconds, sa5^ 
for each hole. For intensive production quicker and easier 
bush fastenings are used. A bush should drop in place 
freely, tightening up in position only for the last | inch or so. 

3-(B.:4S9) 
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Taper fits are not satisfactory because of dirt, but an 
almost imperceptible shouldering and a ball end for lead- 
ing the bush in are commonly used. The same idea is 
applicable to plug gauges. 

Racks suitably placed for hanging drills and reamers 
ready to be taken in turn also save much time. In fact, 
when the racks are made so that the tools remain in 
their slip bushes the whole double exchange in a quick 
change chuck, i.e. drill to reamer and reamer to drill, 
including the bushes, can be made in 30 seconds if the 
bushes are of the easy insertion type. This is a saving 
of 30 seconds per hole, for the 50 seconds just given did 
not include exchanging tools. 

If possible, operations such as tapping, counterboring, 
etc., should be arranged so as to avoid the use of slip 
bushes. Sometimes the bush plate can be entirely 
removed, or be hinged for swinging clear. In other cases, 
when the quantities to be made justify the expense, a 
stand is made to hold the component if its own base will 
not support it satisfactorily. Either way is quicker than 
using slip bushes. 

The best radial drilling machines are astonishingly 
quick and easy to handle. When holes of the same size 
are not more than 3 or 4 inches apart a good operator on 
intensive production takes not more than 2 seconds per 
hole to raise and lower the drill and move the spindle 
into position. By intensive production is meant pro- 
duction at the speeds attained in first class work where 
the quantities made are large and the operators work 
confidently as fast as they can. The above figure — 
2 seconds — is for light work. Heavier machines naturally 
take longer to manipulate, but 5 seconds per hole is 
sufficient as a rule. These times must be about doubled 
if the holes are far apart or are situated av/lavardly. 
Such cases have to be considered as they arise and judg- 
ment used. See also Chapter X. 

Clamping the radial arm on a pillar takes from 5 to 10 
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seconds according to the size of the machine. On modem 
machines speed changing should take no longer than 
3 seconds. On an ancient machine it may take anything 
up to 2 minutes per change. 

Spot facing and counterboring speeds should be the 
same as for drills of corresponding diameters but the 
penetration rates should be halved. It is not worth while 
forcing such tools, for tlie cutting time is always small. 


3 


I 

Fig. S. Spot Facing 

The amount to remove by spot facing is often more than 
the nominal amount o'\\dng to various irregularities. One 
of the worst troubles (it should be eradicated if possible) 
is that sho\m in Fig. 8 . Here the nominal amount to 
remove is A but the cutting corrunences earlier and the 
time is governed by B. Again, there should be a dwell 
at the end of the cut to “feel” the stop and to impart a 
good finish. This is conveniently allowed for by adding 
for the time calculation yV i^^h to the depth removed. 
\\Tien facings have to be cut to a gauge level milling is 
far quicker and better than spot facing. 

In intensive production countersinking (including 
burring or frazing) is a rapid operation at which women 
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excel. When the top diameter of the countersink is not 
over inch and the holes are not more than 2 inches apart, 
in light easily handled work, the time per countersink 
does not exceed 2 seconds, the holes having been pre- 
viously drilled. If the countersinks are of various sizes 
and the holes have to be selected 3 seconds each is enough. 
One or two extra seconds per hole is necessary if the holes 
are wide apart or manipulation is for any reason not 
extremely easy. In practice countersunk holes are usually 
in groups or rows and manipulation presents no difficulty. 
The above figures apply to all materials, for cutting time 
scarcely enters into the business. Larger countersinks may 
be treated as for drilling but allowing ^ inch on the depth 
for dwelling to obtain the finish. For ordinary (that is, not 
intensive) production the figures just given must be doubled. 
In any case no allowance is included for tool changing, or 
setting, and only very occasional gauging is possible at 
such speeds. 

It may seem unpractical to work out operation times by 
the use of data of the kind detailed above. So it would be if 
continual reference had to be made to the tab! es. The remedy 
is to learn the facts and how to apply them with due judg- 
ment. A little practice enables one to forecast within a few 
seconds what any floor to floor time should be, reference 
being made to the tables occasionally for figures which are 
not already known because infrequently used. 

And for many purposes a good deal of simplification is 
justifiable. Estimating does not talce long if the procedure 
is methodical and averages are used with good judgment. 

For example, suppose ten holes are to be drilled in a 
mild steel component on a two spindle sensitive drilling 
machine, the holes being of various diameters and depths. 
It does not foUow that the calculation must be laborious. 
Let the holes be as follows — 


2 holes 


i in. dia. 

, 

4 holes 


^ in. dia. 

. 

4 holes 


in. deep 

. 

I hole 


§ in. dia. 

, 

r hole 


. JJin. dia. 

- 


ir in. deep 
I in. deep 
I in, deep 
I in. deep 
I in. deep 
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The last hole is to be reamed to ^ inch diameter and all 
depths are to the point of the drill. 

The loading constituent will be found in Table I. In 
this case assume medium Class 2. 

The holes are to be drilled from 3 faces, hence the jig 
must be turned over three times (in some cases twice 
might do; this must be considered; it depends on the 
sequence of movements found necessary). There will be 
sliding of the jig from the first to the second spindle and 
back again. The necessary work will require the spindles 
to be raised and lowered at least 15 times, allowing two 
extra movements for the ^ inch diameter holes, which are 
"deep,” being over 3 times the drill diameter. Six tool 
changes will be necessary, there being 5 drills and i reamer 
used. (Sometimes 5 changes would suffice for the reasons 
mentioned regarding turning the jig over.) Slip bushes 
will be exchanged for the reamer. 

Since there are only 2 spindles it will be impossible 
to work at ideal speeds for every drill. Let the reaming 
be done at drilling speed and use the same spindle for 
drilling inch, f and ^ inch diameters, running at 
600/700 r.p.m. The other spindle may run at 1,300/1,500 
r.p.m. Because of these compromises allow an average 
penetration rate of 4 inches per minute. 

This is a practical rule of great value in such cases. 
It may be applied equally safely to cast iron components. 


Comtitucnt 


Time 

Loading .... 


25 

Overturn jig, thrice 


0 

Slide jig, twice . 


. . 2 

Raise drills, 15 times . 


30 

Change drills, 5 times 


25 

Reamer and slip-bush change 


. 30 

Gauge .... 


4 

Drill at 4-in. rate 


Si X 60 

4 “!!1 

(0) I in. X il 


2^0 sec 

J X 5 * 

— 04 


i X 6 

= 3 



Si in. 
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the same penetration rate of 4 inches per minute being used, 
unless the holes are mostly ^ inch diameter or over, or are 
of one size at which the ideal speed and feed is attainable. 

The foregoing considerations will take only a few seconds 
in practice and the numerical results can be set down as 
given in the table at the foot of page 59. 

The reamer will pass through in half the time taken 
for drilling, hence the odd half inch at (a). 

The allowance of 2 seconds for sliding the jig from 
spindle to spindle is made on the principle that every 
known constituent must be recorded, however small the 
time allotted to it. Yet no time is given for overturning 
the jig. The justification for this is that most of this 
constituent can be done while the drill spindle is being 
raised and lowered; moreover the allowance of 2 seconds 
for each repetition of this movement is somewhat excessive. 

The cycle time, 240 seconds, would be attained only in 
intensive production. It would have to be adjusted in 
other cases as shown elsewhere. The fatigue allowance 
with so many changes must be high in any case. See 
page 71. 

Of multi-spindle drilling there are several varieties. 
Here multi-spindle drilling will mean two or more spindles 
working together in one head. Gang drilling \vill mean 
d rillin g with separate spindles which may work indepen- 
dently but share one long table. 

In the simplest form of multi-spindle drilling there is 
but one jig station. This is under the spindles, and while 
the jig is being loaded drilling is stopped. This will be 
termed class A and is shown at a and h in Fig. 9. The 
constituents are the same as in ordinar}^ single spindle 
work. There are two stations in class B, the next variety, 
one for loading the jig and one for drilling, as at c in Fig. 9. 
Loading takes place during drilling, hence time is saved. 
The constituents are — 

(i) Either loading or drilling, whichever is the longer. 
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(2) Raising and lowering the multi-head. 

(3) Indexing the jig from one station to the other. 
The other varieties are developments of the two just 



Fig. g. Multi-spindle and G.\ng Drilling 


mentioned. For example, there ma}^ be one station with 
several multi-heads working, either simultaneously or 
separatel3% on different faces of tlie component (Fig. gb). 
There may be one loading station at a rotatable indexing 
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X: ESP 

table and several stations for drilling, reaming, or counter- 
boring (Fig. 9<f). Sometimes two or more components are 
loaded together. The arrows in d and e, Fig. 9, indicate 
the direction of work flow. 

The penetration rate for multi-spinme drilling is often 
about I- or less of that which would be used for drilling 
the holes separately. This is partly because the pressure 
and power required to drill at the ideal rate would compel 
the use of enormously substantial machines, and the 
time saved, if any, would not pay for their cost; and 
partly because in all kinds of multi-spindle work it is 
necessary to minimize drill grinding. Speeds and feeds 
must be comparative!}^ low in order that the drills will 
last during a whole day at least without requiring 
resharpening. A good average penetration speed for a 
multi-head is about 2 inches per minute for, say, a 
dozen f drills cutting cast iron, or mild steel. This rate 
would be trebled for aluminium. But it depends on the 
power and rigidity and other characteristics of the 
machines and has to be ascertained in every case. 

There is a slight gain by increasing the penetration rate 
for class A but none for class B if the drilling time is 
equal to or less than the loading time. For example, in 

the first case suppose the constituents to be: 

Load, etc. . . . . .40 sec. 

Raise, etc., drill . . . . 10 ,, 

Drill 30 


Total 


80 sec. 


Then if the drilling time is reduced to 20 seconds the 
cycle time is reduced to 70 seconds. 

In class B suppose the constituents to be ; 

Load, etc, ..... 30 sec. 

Index . . . . . 10 ,, 

Raise, etc., drill . . . . 10 ,, 




If the cutting Time at none of the stations (it makes no 
difference how many there are) exceeds 30 seconds there 
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will be no change in the cycle time by accelerating cutting 
unless the loading constituent can also be reduced. For 
this kind of work it is a safe rule to attack always handling 
times and to be generous with cutting times. 

Gang drilling (Fig. ge) is scarcel}^ as rapid as multi-head 
indexing work because of the time required to slide the 
jig from spindle to spindle. In other respects it is superior 
and is to be preferred unless an exceptionally large number 
of unvarying components will be made. It is better for 
several reasons — 

(1) Instead of one large machine there are several 
machines (or separate spindles) which can be used 
for other work without much trouble. 

(2) The indexing table on which the jigs are mounted 
for class B has to be of extreme accuracy and the 
spacing of the jigs must be precise. Gang work 
needs less refined tool making. 

(3) When a component is modified it may be difficult 
or impossible to alter the indexing machine or jigs 
wthout great expense. With the gang arrangement 
conversions are, in general, simpler and far less 
costly. 

(4) Any of the main spindles in the gang may carr}^ a 
multi-head for drilling a group of holes and the 
speeds and feeds can be suited to the group. 
WTien one large multi-head is used only one rate 
of feed is possible unless extraordinary arrange- 
ments are made. 

In tlie simplest form of gang drilhng only one jig is 
used (unless successive jigs are required at stages in the 
work) and this is passed successively from station to 
station. (The word station is used because there may be 
a multi-head vdtli several spindles at any station.) ^^dien 
large quantities are being made vdth power feed machines 
there is one more station than there are main spindles, 
and a jig at every station. These are passed along 
successive^, the one from the last station in the line 
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being brought back to the starting place for loading 
again. Alternatively, in some cases the jigs may be fixed 
and the component only passed along. In that case there 
will be no return. 

If only one jig is used the cycle time will be built of 
the following constituents — 

(1) Loading and unloading jig. 

(2) The sum of the spindle raising and lowering times 
at each station. 

(3) The sum of the sliding times from station to 
station (including the return). 

(4) The sum of the cutting times at each station. 

(5) The sum of any other constituent times at the 
stations. 

The cycle time for any particular case may be forecast 
from the data already given. 

With the gang system, when several jigs are employed, 
the cycle time may be found by adding together the whole 
of the handling times, including moving from spindle to 
spindle and loading, unless the sum is exceeded by the 
cutting time plus the immediately associated handling time 
at one spindle. In that case the latter is the cycle time. 

An example will make this clear. Suppose the gang 
consists of four main spindles. It does not matter how 
they are used, that is any of them may have a multi-head 
attachment or work simply; they may be drilling, ream- 
ing, counterboring or tapping. To find the cycle time it 
is necessary to know the times for aU the handling 
constituents and the longest cutting time. It is unlikely 
that the spindles will be equal in this respect. 


Station i — ist spindle. Cutting time . . . .40 sec. 

Manipulation . . . . . . 20 ,, 

Station 1 — 2nd spindle. Cutting time . . . . 60 ,, 

Manipulation . , . . . . 12 ,, 

Station 3 — 3rd spindle. Cutting time . . . • 35 >• 

Manipulation . . . . . . 20 ,, 

Station 4 — 4th .spindle. Cutting time . . . . 25 ,, 

Manipulation . . . . . . 10 ,, 


Station 5 — Manipulation. Unloading, returning jig to Sta- 
tion r, reloading and manipulation . . 30 
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In the table on page 64 each rnanipulating constituent is 
related to the spindle below it and includes shding and 
fixing the jig in position, lowering the spindle ready to 
start cutting and setting tlie power feed working. The 
total manipulation time amounts to 112 seconds and this 
is also the cycle time. But if the cutting time at, say. 
Station 2, were 120 seconds and its related manipulation 
time were 20 seconds, the c\xle time would be 140 seconds. 
With machines not pro^dded with automatic feed and 
trip the time would be 272 seconds for the constituents as 
originallv hsted. 

\^Tien the C5’^cle time depends entirel}* on manipulation 
time there can be no advantage in reducing cutting times, 
and in practice the cutting tools shoiild be given easy 
duties. It is hardly possible to over-emphasize this 
fact, because so much has been made of high cutting 
rates. 

Suitable peripheral speeds for tapping are shown in 
Table X. 


TABLE X 

Tapping Speeds in Feet per JIinute 

25 ft. per minute for cast iron 
15 ,, ,, mild steel 

10 „ „ tough steel 

60 „ brass 

150 ,, aluminium 

With fine threads 30% higher speeds may be used 

imder favourable conditions. The time saved is neghgible, 
except in the case of large taps used on tough materials ; 
it is safer, as a rule, not to exceed the speeds given above, 
except as indicated in Table XI. This shows suitable 
r.p.m. for Whihvorth taps of various sizes and dift'erent 
materials. It will be noted that no speed higher than 
1,500 r.p.m. is given, otherwise the speeds for the smaller 
taps are slightly in excess of those in the table, and of the 
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larger ones rather lower. The heavier cuts naturally 
have to be made slower. If desired, and there is ample 
lubrication, gas taps can safely cut 30% faster, remem- 
bering, of course, that the real and not the nominal 
diameter of the tap must be used to determine the peri- 
pheral speed. When there are fewer than 8 threads per 
inch, it is advisable to use two taps, one for roughing and 
one for finishing; hence times will be approximate!}' 
doubled. Rather more, because of the exchange. 

The lead at the point of a tap usually extends over 
about 4 threads. It is inconvenient to use this as a 
dimension and practically it may be taken as half the 
nominal diameter of the tap. That is, if a ^ inch 
gas thread is to be tapped f inch deep the real depth 
tapped will be — 

I + i X i = I inch. 

The tapping time depends on the real depth, not the 
nominal depth in which the fuU thread exists. 

Small holes can be tapped with extraordinary speed 
under favourable conditions. A skilful operator can easily 
tap 1,000 blind holes an hour in aluminium up to I or 
inch Whit, on a light radial machine. 

As a matter of fact, blind holes can be tapped as 
rapidly as open ones if they are drilled deep. The depth 
drilled below the end of the full thread should be -| the 
tap diameter. Even then any chips left from drilling 
must be cleared to make room for the point of the 
tap. 

In its retreat the tap must make as many turns as it 
required in the advance. The speed of the retreat is 
often about the same as the advance but is generally 
faster. A good ratio between the two speeds is 2 : i and 
this will be assumed generally as the basis for time 
calculations. Collapsible taps are unpopular and in any 
case need not be specially considered. 

If the diameter of a tap is D, the depth of full thread 
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is L and tlie number of threads per inch is N, the time 
the tap be in the hole is given by — 

I X (l -f X 60 X T.P.I. 

R.p.m. 

For open ended holes add about | incli to L to allow 
for deeper penetration. The factor 3/2 is on the assump- 
tion of the 2 : I ratio between retreating and advancing 
speeds. For an}- otlier ratio it will need adjustment. 
If the ratio is 1 : i the approximate factor obviously 
be 2, or if it is : I the factor ^\ill be 5/3. 


TABLE XI 

T.^pping Speeds: Revs, per jMikute 


Dia. of 
Tap 

Aluniinium 

Brass 

1 Cast Iron 

Mild Steel 

1 Tough 
. Steel 

R.P.INI. 

R.P.M. 

! 

: R.RM. 

R.P.M. 

R.P.M. 

i 

1.500 

1.500 

Soo 

500 

300 


1.500 

1,200 

300 

330 

200 

i 

1.500 

900 

400 

2^0 

150 


1.500 

600 

-50 

150 

100 

i 

1,100 

450 

100 

115 

75 


900 

350 

150 , 

90 

1 60 

} 

700 

2S0 j 

120 

70 


I 

500 

200 

90 

50 

1 35 


400 

150 

70 

55 

*5 


300 

120 

00 

25 

iS 


But since handling time forms so large a part of total 
tapping time the above formula is unsuitable foreveiA'day 
use, though necessary for special cases. Handling time, 
including raising and lowering tap (or the equivalent), 
applying lubricant and occasional gauging should be 
about 5 seconds for \ inch diameter taps, 8 seconds for 
i inch, 12 seconds for i inch and 15 seconds for inch 
diameter taps. 
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The depth of tapping (full thread), except in the case 
of gas threads is usually close to 5/4 D for steel, 3/2 D 
for cast iron or brass and 2 D for aluminium. The follow- 
ing formulae take into account the foregoing and pro\Tde 
a ready means of quickly estimating tapping times. Of 
course simple straight line formulse cannot be quite 
accurate for the whole range. However, they are near 
enough for most purposes. The only case where there is 
much divergence from practice is in tapping tough steel. 
For inch Whit, the formula time is deficient by about 
10 seconds per tap per hole. 

TABLE XII 
Tapping Time 

Material Time in Seconds 

Aluminium .... loD 2 

Brass ..... 16D 2 

Cast iron ..... 24D -f 2 

Mild steel ..... 32D -f 2 

Tough steel . . . . 48D 

The time in seconds is per tap per hole and the formulae 
apply quite well for both Wdiihvorth and B.S.F. threads. 
For gas threads of ordinary proportion between L and D 
they also apply if the diameter D be the actual, not the 
nominal diameter. 

In these formulae the whole of the manipulation and 
occasional gauging is allowed for. Separate loading time 
is not included. Thus, if a component has to be lifted 
to the table and set down while other motions cease this 
has to be aUow'ed for in the time. 

But small components can often be successively dealt 
with with one hand w-hile the other manipulates the 
machine. In that case the formula time requires ino 
addition; indeed, it is often slightly'- generous. 

According to the formula, tapping a hole i inch \^Tiit. 
in cast iron takes 24 x i -f 2 = 26 seconds ; tapping 
a I inch ^^dlit. hole in aluminium wall take 10 X -r 2 
= 4 ^ seconds, and a fg- WTiit. hole in brass 16 X "t 2 
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= 5 seconds. It must not be forgotten that holes of 
abnormal depth must be treated specially. For maiw 
commercial tlireads, especially in hght electrical com- 
ponents, f of a full thread is adequate. This eases tapping 
considerably. Whereas tlie difference behveen the theo- 
retical root and top diameters of a tap with Whitworth 
shaped threads is given by 

1-28 inch 
T.P.I. 

it is safe for many purposes to deduct 

I inch 
t.P.I. 


from the top diameter for the tapping size. 

For example, a i inch Whit. Tap has S T.P.I. and a 
root dia. 


1-28 

I 


0-84 inch. 


The "commercial” fonnula gives i-| =0-875 inch 
diameter for the tapping size. 

Similarly the two tapping diameters for a § inch 
B.S.F. thread are 

1-28 

•375 - ■— = 0-3II inch 

and 


•375 


— = 0-325 inch. 
20 


The "commercial” formula ma)'^ not be used for 
highly stressed parts but it is generally desirable to use a 
drill about -005 inch larger than the theoretical size even 
for those. For superfine work undersize machine taps are 
used and size is got b}^ hand tapping afterwards. 

Since the motions for tapping closel}' resemble those 
used in drilling there is no need to consider constituent 
times further, except to mention that when taps are 
lubricated bj’^ apptying a lump of tallow the motions take 
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about 3 seconds for each application. Gauging* time is 
included in the formulae above and should not exceed 
I or 2 seconds per hole, being occasional. 

As previously stated the sum of preparation, recording, 
and setting times is about 15 minutes for simple drilling 
machines if the tool sendee is good. For every tool 
(including jigs) above 3 add another 3 minutes. Unfortun- 
ately there is frequentl}’’ delay behveen batches which is 
charged to the job directly when it should be booked as 
“idle time.” Such delays deceive one as to the true 
operation or setting times and are worst in the jobbing 
shops. It would pay them to develop swift tool service. 

When drills cut at the ideal rates given in Tables 
III to IX an allowance of 5% on the cutting time of each 
drill wiU cover time spent in regrinding or exchanging 
and replacing in the machine. If operators are allowed 
spares this allowance may be reduced to 2^%, 

The penetration rate being much slower in the case of 
multi-spindle drilling the tool attention allowance is far 
less per driU. As a rule, the operator does not grind his 
own drills, but has to make the exchanges and length 
adjustments. An allowance of 5% on the cutting time 
plus !■% for each driU is usually satisfactory. Thus a 
head vrith 20 drills taking 80 seconds to penetrate each 
component would have a tool allowance of 5% -r 20 
X — 15%. 15% of 80 seconds = 12 seconds (per 
component). 

On the average about 40 minutes a day are spent by an 
operator in breathing spells and rests which are natural 
and necessary ; another 10 minutes or so has to be allowed 
for stoppage such as waiting for foreman or inspector and 
similar delays. Then, in addition to the recording already 
allowed for, some time is spent in checking and noting 
quantities done and other particulars. The net result is 
that to an observed or calculated floor to floor time a 
“fatigue” allowance of 12 ^% must be added. 
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The only exceptions are light work, which does not 
demand continuous attention, when 7|-% is enough ; 
and work w'hich for any reason is trying, when anything 
up to 30% will be necessary. 

Most simple drillmg requires the average allowance of 
i2^% ; and since, in many cases, cutting time is about 
half the floor to floor time, the tool allowance of 5% on 
cutting time may often be taken as 2^% of the floor to 
floor time. Thus 15% on the latter accounts for both 
fatigue and tools. If due allowance is made for prepara- 
tion and the other incidentals it is not necessary to add 
much to the intensive times given for drilling, tapping, 
etc., for moderate quantities. An extra allowance of 20% 
should cover what is necessary for batches of between 
50 and 100 components. For lots of under 20 this ma}' 
be increased to 50%. ^Vhen tool changing is incessant, as 
in the example on page 59, add up to 15% for extra 
fatigue. There is considerable mental strain. 

In general, if a batch of, for example, 80 components 
were to be drilled in one operation the first consideration 
would be the allowance for preparation, recording, and 
setting up as previously described. A fatigue allowance 
on tliese is unnecessary, but 25% must be added if the 
operator is to earn time and a quarter. If the operator 
should spoil a few of the components he would receive 
no extra time for tire replacements. But should his fore- 
man, requiring a few components urgently, request the 
80 to be machined in two lots — say 20 and 60 — he would 
be entitled to preparation and setting allowances for two 
batches if the upset justified it. 

For simplicity, let the FFT = loo sec. 


20% moderate quantity allowance 


15% fatigue and tool allowancer- ^ 


25% P.W. allowance = 


25 X 138 


100 


100 


P.W. time allowance =172 sec. 


_ 

120 sec. 

= -if 

138 sec. 

= J[i 

172 sec. 
= 2-87 min. 
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The constituents under the main heads of loading, 
handling and cutting having been timed for intensive 
working, by the foregoing rules, percentages would be 
added, as given on page 71, to determine the time 
allowance. 

Further examples with detailed working are given in 
Chapter X. 



CHAPTER IV 


PLANING, SHAPING, SLOTTING, AND 
BROACHING 

Shaping and other reciprocating machines waste a large 
amount of time in the idle or return strokes. The real 
cutting speed could be, for the forward strokes, as given 
in Table II. But since the cutting is not continuous the 
effective speed is far less. It is the effective speed which 
counts in time calculations. The effective speed in feet 
per minute is <3 ^ S. O 

— X number of forward strokes per minute, 

12 

where L is the length of tlie forward stroke in inches. 

For example, if a shaping machine makes 30 fonvard 
strokes per minute, each 12 inches long, the effective 
speed is 

— X 30 = 30 feet per minute. 


Each cutting stroke may take, say, 1*2 seconds, and each 
return stroke o-S seconds. Thus the cutting speed averages 
I foot in 1*2 seconds, or 50 feet per minute. The word 
"averages” should be noted in this connexion because in 
most shaping and slotting machines the cutting speed at 
the centre of the stroke is much greater than at the ends. 

It is inconvenient to ascertain for each occasion what the 
variation maj’- be, so tlie difficulty is avoided by choosing 
a rather low average speed. Suitable (average) cutting 
speeds are shovm in Table XIII, page 74. 

For modem machines tlie effective speeds are usually 
about three-fifths of the cutting speeds, and this ratio 
will be assumed in the examples; but many slotting 
machines and some shaping machines w’ork less effectively. 

7.S 


t 


•/ 


i \ O 


7 n * 


LiBRARY 
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TABLE XIII 

Cutting Speeds for Shaping and Slotting I^Iachines 


Material 
Cast iron . 
!Mild steel . 
Tough steel 
50-ton steel 
Gun metal, etc. 
Aluminium 


Feet per Minute 

35 

Go 

40 

30 

80 

80 


In any particular case the capabilities of the machines 
should be ascertained. 

Of course the table speeds can seldom be got exactly. 
The low speeds given for the brasses and aluminium are 
about as high as reciprocating machines permit. 

If S is the length of stroke in inches 
C the cutting speed in feet per minute 
E the effective speed in feet per minute 

and N the number of strokes per minute 

E = ^ C (as a rule), 

and N X — - E =^C. 

12 5 

TT N- 36C 

Hence Is' = — ^ 

5b 

If L be the length of the work in the direction of the cut, 
S is commonly (L~2) inches. 

To allow for irregularities in the work, trial cuts and 
some of the handling, add i inch to breadth B. Thus the 
area swept by the tool will be reckoned as (L -f 2 ) (B -f i) 
square inches for shaping a surface measuring L x B, L 
being in the direction of the stroke. About half the 
I inch added to B is to account for handling, this being far 
better than adding it entirely as a percentage of the cutting 
time, though, as v/iU be seen, a further amount is thus 
added. 



PLANING, SHAPING, SLOTTING, AND BROACHING 


75 


If F be the feed per stroke in inches the area swept 
per minute by the tool is 


NF(L-{- 2) 


36C 

5(L + 2) 


X F(L -L2). 


It follows that the time for shaping a surface measuring 
LxB 


5 (L -r 2) (B 
36CF 


I) 


minutes. 


This general formula may be simplified to 

(L -h 2 ) (B + I) 

K 

for special cases where K has values to suit the chosen 
combination of speeds and feeds. Table XIV gives values 
for K which are in accord udth good practice on average 
machines. 

TABLE XIV 

V.\LTJES OF CONST.^NT K FOR SH.\PING 



j Roughing | 

Finishing 

Scraping 

Cast iron . 

S 

16 

40 

Mild steel . . . . . ! 

10 i 

16 


Tough steel .... 

6 

10 

— 

Brass. ..... 

eo 1 

i 

30 

— — 


For example, shaping a cast-iron face measuring 
10 inches x 6 inches wiU take for the first cut 

(10 -f 2) X (6 -f i) . , 

8 ^ 

This, of course, is a bare cutting time. Surfaces at one 
level but interrupted b}* a tenon require the i inch addition 
made to each breadth. 

The formula will be a safe guide to ordinarj^ working 
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when taking roughing cuts up to ^ inch deep, finishing 
cuts sV inch deep and scraping cuts up to o-oio inch 
deep. Feeds per stroke may be as shown below — 


TABLE XV 

Feeds for Shaping Machines 


Material 

! 

Roughing 

i 

j Finishing 

Cast iron . 


A 

Mild steel .... 


A 

Tough steel 



Brass . . . . 

sV 



These are a guide only, for no machine will give either the 
exact speed or feed for all conditions. If the possibilities 
of the machines are unknown the safe plan will be to 
use the simple formula for calculating the time. But if 
speeds and feeds are both known the general formula 
will give an accurate result (subject to the assumed 
3 : 5 ratio). 

An allowance of 15% will cover fatigue, tool attention, 
and the remaining machine manipulation for plain work. 
If there are ledges to shape at heights within fine limits 
allow (B-j-i) inch for the width of the first or datum 
surface of width B, and similarly for those cut in relation 
to it. Also, for any secondary surface to be extremely 
accurately placed, allow two finishing cuts. If there is 
much fine limit work of this character allow 25% instead 
of 15% for fatigue, etc. It will be necessary on account 
of the physical strain in gauging and fine tool setting- 
If inclined surfaces have to be shaped allow 10 minutes, 
when the angle has to be measured accurately, for setting 
the head correctly. For rough work two minutes will 
suffice each time the head is set over. 

When work of a fairl}’’ uniform character is done the 
whole cutting time may be calculated by the simple 
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formula, using a suitable value of K for the purpose. For 
instance 

(L + 2) (B + I) 

5 

gives the approximate time in minutes for shaping a cast 
iron surface, taking two cuts as a rule, but occasionally 
three. In practice the second cut is not always successful 
as regards both size and finish. Moreover, if the amount of 
metal to remove is excessive several roughing cuts ma}'^ be 
required. 

Shaping machines are not much used for intensive 
production, but operators usually have accumulated a 
variety of bolts and clamps suitable for their general 
needs, and can set up quicld3L However, frequent changes 
are exhausting and the preparation and setting allowances 
should be not less generous than those mentioned on 
page 41. 

The effective speed of modern planing machines usualty 
approaches | of the cutting speed. Generally 30 feet per 
minute effective speed is a satisfactory basis for estimates 
when it is knovm that a modem machine is available and 
exact particulars cannot be obtained. For the older 
machines 20 feet per minute is more common. 

The cutting and effective speeds of planing machines 
are not constant for all strokes, but there is no need to 
take this into account except for very short surfaces. 
Then tire definite decrease in speed nmy conveniently 
be allowed for by assuming for the purpose of calculation 
that the surface is longer than it actually measures. 
^^dlereas 2 inches is added to the length of the surface 
to ascertain the suitable stroke for shaping, 10 inches 
is generall}' the proper amount for planing machines. 
But when the surface is less than 24 inches long assume 
still that a 34 inch stroke will be used. This \vill com- 
pensate sufficiently weU on macliines of ordinary pro- 
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portions for the loss in speed. Naturally, it is better to 
use accurate figures if they are available. 

The time in minutes for planing one cut over a surface 
L inches long (in direction of cut) x B inches broad with 
a single tool is given by 

(L + lo) X (B + 2) 

K 

where K is a constant to suit the conditions. If the 
symbols are as previously used, 

Nx— =E=^C(asa rule) 

12 4 

Hence N = ^ 

Area cut per minute 

=NxFxS=^xFxS 

If, as is often the case, 

C = 40 feet per minute 
9 X 40 _ 360 
S S 

and area cut per minute 

= ~ X F X S = 360F. 
o 

The time in minutes for the surface equals 

(L + 10) X (B + 2) (L + 10) X (B 2 
gC X F 360F 

If the effective speed, as is usual, is the basis, this formula 
becomes 

( L -b 10) X (B + 2) 

12E X F 
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and with E equal to 30 feet per minute it becomes, as 


before. 


(L -r 10) X (B -r 2) 
360F 


As a basis for estimating, F may have the following 
values — 

TABLE X\T 

Fseds roR Plaxixg ^L\chivss 

Roughing and finishing tough steel ■ si: in- 

Roughing mild steel . - - . . . • :rr >> 

Roughing cast iron and finishing mild steel . . ■ -jV >. 

Finishing cast iron . . . . . . - A .. 


The above feeds are suitable for medium work when the 
depth of the roughing cut does not exceed f inch. They 
may be doubled if the roughing cut is about ^ inch 
deep. \1Tien the capabilities of a machine are known the 
factor 360F may be resolved into a simple number. For 
roughing cast iron it may often be taken as 20. 

^\^len two tools divide a surface of tvidth B between 
them each will plane about 

inches. 

Preparation and setting occur once in each batch for 
each operation. The sum of the t^^■o may be taken as 20 
minutes for light machines, 30 minutes for light medium 
(say S feet x 4 feet), 45 minutes for heather and 60 
minutes for large machines. 

It is not easy to formulate a rule for loading and 
unloading because so much depends on the kind of 
component and the method of holding it. Nevertheless 
the following expression gives some guide — 

3 (length in feet -{-breadth in feet) 12 weight in cwts. 

For example, the time fora component measuring 4S inches 
X 36 inches and weighing 4 cwts. mav be, roughly, 

3 (4 -f 3) 12 y/4 

= 21 4- 24 = 45 minutes. 
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The length and breadth are to be measured over the 
extreme dimensions of the component, not over the 
surface to be planed. 

For second operations, when the work rests on surfaces 
already machined, deduct 25%. When work has to be 
set accurately to a clock indicator add 33^% if the 
clocking is on one face; if it is on two faces at right 
angles add 75%. These times are for one man working 
alone (except for crane work) and assume no delay through 
waiting for lifting. The same formula wiU be a guide for 
setting work on shaping and slotting machines unless it 
is held in a vice when (providing the vice is ready) i 
minute will sufi&ce for ordinary work, including levelling, 
and 15 seconds if the setting is automatic. 

For fatigue the remaining manipulation and tool 
allowance 15% on the floor to floor time is adequate. An 
extra allowance for ledges, etc., should be given as for 
shaping, and it must not be forgotten that although 
two cuts may be theoretically adequate for a given 
operation occasionally an extra cut will have to be taken. 
Trial cuts are not always a success however great the 
operator's skill. 

Slotting machines are not nearly so adaptable or 
efficient as shaping machines. For that reason their use 
is mainly confined to tool rooms and jobbing. The rules 
given for shaping apply but the effective speed is usually 
from 15 to 20 feet per minute. If used for repetitive 
work such as slotting grooves, the work being held in a 
fixture, the allowance of i inch to B, which in this case 
is the depth of the groove should be reduced to ^ inch. 
This allows for the approach, a few strokes at the end to 
give a good finish, and for sizing. 

The feed for slotting grooves may be 0-003 inch for 
steel and 0-005 inch for cast iron. When slots are shaped 
or planed the same data can be used but slots over | inch 
Nvide often require rivo cuts for sizing, the last cut being 
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0-005 feed. Slots or grooves over i inch 'svide 
vtU also require a cut to level the bottom of the groove. 
Thus a groove inch vide in a steel shaft, if cut on a 
planing machine, wiU require three roughing cuts (sides and 
middle), a finishing cut dovn each side and a cut across 
the bottom. The width traversed across the bottom will 
be B i- ^ inch, less the vidth of the cutting tool and vill 
be made vitla a hand feed of about inch. For tee slots 



allow three times the time required for cutting the central 
slot shown shaded in Fig. lo. 

An allowance should be made when cutting convex or 
concave surfaces for the extra depth which the cur\-ature 
may cause. Tenons may be assigned the same time as 
slots for sizing. 

If desired the constituents of shaping or planing 
operations can be detailed and timed. It is more con- 
venient, however, to allow for the manipulation, clamping 
and tool changing, etc., as stated pre^dously, the work 
being mostl}' plain. If reckoned in detail the addition to 
width B should be halved; allow (on the average) 15 
seconds for each foot of ^vidth for winding the tool back 
from the finishing to the commencing end of cut and 
15 seconds for setting the tool to the correct height. 
Clamping is rather uncertain, but a reasonable time on 
medium and small work for placing, tightening, releasing 
and remo\'ing each clamp is 45 seconds if the}^ merely 
need adjusting into position, and the bolts tightening to 
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hold the job. More usually, 90 seconds is required. For 
clamps which are part of fixtures 15 seconds per clamp 
is usually enough. Exchanging and setting a tool on a 
shaping machine takes 45 seconds. On a medium size 
planing machine go seconds is an average figure if every- 
thing is handy. In many workshops double these times 
would be required because operators’ convenience has 
been neglected. For example, if tool shanks are of varying 
sizes, spanners do not fit properly, bolts have poor threads, 
and packing consists of assorted nuts, blocks and strips 
of metal, the operator cannot work efficiently. 

It will be advisable to summarize the constituents for 
shaping, planing, and slotting work — 


Preparation 
Setting up 


once in a batch. 


Loading ) for each operation on each component ; 
Cutting ) one load may include several components. 


Fig. II is a key to the allowances to breadths, etc., as 
described previously for planing. 

To the sum of the whole time for the batch add (as a 
nile) 15% to cover manipulation, fatigue, tool grinding, 
and resetting. If an operator attends to two machines 
add another 10%, for there will be occasions when one 
machine M^ill have to wait until he is freed from the other. 

Also, if the limits are extremely fine, or the work is 
intricate, still more time will be necessary, as mentioned 
on page 76. 

At present the only advantage which cemented tungsten 
carbide tools have for shaping or planing is the durability 
of the cutting edges for accurate finishing, particularly 
on cast iron. Unless new methods are evolved it is hard 
to believe that great increases of planing speeds are at 
aU likely, and high speed tool steel is quite equal to nearly 
all present demands when it has been properly heat 
treated. 
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A fair preparation and setting allowance for broaching 
operations is 20 minutes. The working cycle is veiy- simple, 
consisting only of cutting stroke, return stroke, and part 
of the loading business. Gauging is intermittent and is 
sufficient!}' proffided for in the 15% fatigue allowance. 



In intensive production when the operator has a bench 
or stand conveniently placed to receive broaches awaiting 
their turn to be used and has not to fetch or carry his 
work, the floor to floor time per broach is, for average 
work — 

Cutting time -f- retuni time -f 4 seconds 

but do not add less than 12 seconds to the cutting 
time. 

Both cutting and return speeds depend on the machine 
and must be ascertained for accurate estimates. A 
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suitable cutting speed for general work is 5 feet per minute. 
The return speed may be at 25 feet per minute. Light 
brass work may be done at higher speeds, but as a rule 
machines are used for a variety of work and not many 
have speed changes. 

The amount removed per tooth averages 0-002 inch 
measured radially, i.e. 0-004 inch on diameter if there 
are opposite cuts. This may be increased to 0-004 inch 
(radially) on the average for many cast iron and brass 
components. The first teeth take about 25% more than 
the average and the last about 25% less. The last 10 
or 12 teeth of a finishing broach are left parallel for sizing. 
As a rule the effective cutting part of a broach is about 
12 inches less than its nominal length. 

The pitch of the teeth should depend on the length 
of the hole to be broached, the longer the hole the greater 
the pitch. This is partly to provide chip space and partly 
because too many teeth cutting simultaneously would 
overload the broach. 

For a hole of length L inches the pitch of the broach 
teeth should be about 


L + 3 
10 


inches. 


In practice a broach has often to serve for a variety of 
components. Not less than two teeth should be cutting 
(in series) at one time. When, as occasionally happens, 
several components can be strung on a broach the pitch of 
the teeth should be to suit their combined overall length 
but not greater than the length of the slot in any com- 
ponent (this being sometimes less than the overall length 
of the component). 

At the speeds previously given it takes 54 seconds FFT 
for each 4-foot broach in intensive production. At the 
commencement of a batch or for general working 60 
seconds is more suitable. For a 3-foot (nominal) broach 
42 seconds and 48 seconds will be found satisfactory. 
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The basic time for broaching to a depth S in a hole of 
length L is given closety by the following expression — 

100 (L + 3) (S + tfV inch) seconds. 

This is for broaching at the aforesaid speeds and does not 
include preparation and setting, but includes fatigue. 
For a machine cutting at 4 feet and returning at 15 feet 
per minute use 125 instead of the 100 factor. 

The amount inch added to S, the nominal depth of the 
grooves, allows for the conca\dty of the surface of the hole 
and for the broaches being slightly worn. Sometimes 
S is practicall}^ the real depth ; it is easy to ascertain S by 
measurement or by simple geometrjL 
By the rule, to cut two ke5rway opposite to each other 
each J inch deep in a hole 2 inches long vdll take 

100 (2 + 3) (i -F bV) seconds 
= 141 seconds. 

Another way of calculating tlie time is to ascertain the 
number of broaches which will be necessary, remembering 
that the rise per tootli can be adjusted a little to make, for 
instance, two broaches sufi&ce where following the rule 
strictl}’’ would require two of full lengtli and a very short 

L - 4 - 3 

one. Since the pitch of the teeth is tlie number 

10 

of effective teeth in a 4-foot broach is approximate!}^ 

36 X 10 
L-f3 

and tlie rise per broach will average 

360 X 2 iS 

(L 4- 3) 1000 ~ 25 (L 4- 3) 

Hence the number of broaches will be found by di^dding 
tiiis into the depth of the grooves. If, as in the last 
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examples, the (nominal) depth is J inch and the length 
is 2 inches, the number of broaches will be 




i8 


25 (2 + 3) 


9 ^^5 ^ 125 

32 18 64 


So two full-length broaches will do. At i minute a 
broach and adding 15% for fatigue, etc., the time works 
out to 120 -f 18 = 138 seconds. 

In modern hydrauHc vertical broaching machines the 
broach drops free for a few inches ready for reloading. 
Another factor in which there has been development to 
save time is the design of the broaches. Just as it has 
been found that light cuts are inefficient with milling, so 
it is with broaching. There is a tendency to remove more 
per tooth than formerly, and to vary the pitch of the 
teeth, giving less space for finishing and more for roughing. 
This results in shorter or fewer broaches being required to 
cut a given depth. But broaches are too expensive to be 
used recklessly. That is the reason external broaching 
is making small headway in ordinary engineering work. 



CHAPTER V 


MILLING AND SAWING 

An allowance of lo minutes usually suffices for the pre- 
paration and recording time for milling operations. 
Setting up is extra and, for straightforward work em- 
ploying one cutter and a simple fixture or vice, wU 
occupy 20 minutes. If the fixture is very heavy more 
time must be given according to the difficulty of Hfting. 

To set a pair of straddle mills correctly within o-oo2 
inch will generally increase the setting time by 20 minutes. 
The difficulties increase out of proportion if a gang of 
several cutters is built up to cut within 0-002 inch 
relatively to each other ; a definite rule cannot be stated. 
For intensive production such gangs are kept always 
ready on their arbors. 

Loading and unloading times are about the same as 
those given in Table I for drill jigs. Many milling fixtures 
used for intensive production belong to Class i in that 
table but for general work Class 2 is more suitable. 

The peripheral cutting speeds for milling should be the 
same as given for drilling in Table II when the cutters are 
made of high speed steel. It is sufficient!}^ near to take 
TT = 3 for estimating the speeds, hence 

^ _ 4 X cutting speed in feet per minute 
dia. of cutter in inches 

There is a strong tendency with semi-skilled labour to 
work at too high cutting speeds. It is a disadvantage. 
Feed is what matters. For intensive production the feeds 
in regular use for face miffing and cylindrical or slab 
cutters of the “high powered” variety are given in Table 
XVII, page 88. In favourable circumstances these feeds 
can be increased, even doubled. 

Ordinary slabbing cutters are fed at about 75% of the 
above rates. In the tool room and on miscellaneous 
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TABLE XVII 

Feeds for Milling 
M aterial 

Aluminium ..... 

Brass ...... 

Soft bronze ..... 

Soft cast iron ..... 

Mild steel, malleable cast iron, hard bronze 

Medium cast iron with harder edges 

Tough steel ..... 

production 50% of the feeds in Table XVII is all that can 
generally be obtained. Besides keeping cutters sharp and 
employing powerful, rigid machines, it is necessary to 
support the work close against the cut and to use massive 
fixtures, otherwise there wiU be vibration. The depth of 
cut is assumed to lie between and J inch. Shallow 
finishing cuts are often taken at a finer feed to make the 
work look nice. There is no need if all the conditions are 
made good. 

Coarse feeds are better in every way than fine ones and 
should be obtained on repetitive work much more fre- 
quently than they are. A fine feed often gives a better 
optical finish to a surface because the chatter marks are 
sometimes closer. Far too much is made of this, for the 
depth of the valleys measured from the ridges is exceed- 
ingly small if the cutters are properly ground and mounted. 

In the case of thin shavings, such as milling cutters 
produce, the power required to shave off a chip 0‘0o6 
inch thick is only about (in a general way) twice that 
required to shave a chip 0-002 inch thick of the same depth. 
There is ahvays the possibilit)’’ that the conditions will 
not permit the coarser feed to be taken. It takes about 
h.p. to remove by milling i cubic inch per minute from 
mild steel. For cast iron about | h.p. is required. The 
power varies greatly with the conditions but the figures 
given provide a good basis on which to estimate the 
capacity of a machine for removing metal. 


Feed in Inches 
per Minute 

24 

16 

12 

8 

6 

5 

4 
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The horse power at the cutting tool in belt driven 
machines is approximate!}’’ 

R.p.m. X dia. of lineshaft pulley x width of belt 

3600 

This applies to ordinary machine shop conditions. The 
factor 3600 has to be varied where, for instance, the 
drive is vertical and there is a great difference in the 
diameter of the driving and driven pulleys (as in polishing 
machines) or belts of special thickness or material are 
used. There is a difference, too, according to whether the 
machine is direct or countershaft driven. But for common 
rough and ready use where an approximate idea -will 
suffice, the expression is satisfactory as it stands. 

As an example, a lineshaft running at 270 r.p.m. has 
a 12 inch diameter pulley dri\’ing a milling machine ; the 
vndth of the belt is 2i inches. Consequently the power 
given from the machine is 


270 X 12 X 2^ 
3600 


h.p. 


As stated, the power required to remove a cubic inch of 
mild steel per minute by milling is about h.p. Hence 
the above machine could not be expected to remove 
2 cubic inches per minute because that would take 
2^ h.p. (actually, if everything were favourable and the 
belts tight, it might). Clearly this fact limits the feed 
and size of the possible cut which the machine can take. 

If the cut is 4 inches wide and inch deep the volume 
removed per minute equals 

F X 4 X -fg- cubic inches when F is the feed per minute. 
The power required to remove that is 
X F X 4 X h.p. 

If this equals the maximum available, viz., 2 h.p., 

2 ^ 

F = 1 

li X 4 X 

= 2*4 inches. 
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When a cutter of diameter D, with N teeth has a cutting 
speed of S feet per minute and feed F inches per minute 

ttDF 

the thickness of the chip from each tooth is 

^ 12NS 


For 



X r.p.m. 


and 


12S 


Therefore the number of chips per minute 


12NS 

ttD 


The chip thickness equals F number of chips per minute 

ttDF 

12NS 

Thus a cutter 3 inches diameter having 12 teeth cutting 
mUd steel at 80 feet per minute with 2-4 inches feed will 
produce chips of thickness 
77 X 3 X 2.4 

r -1- = 0-002 inch nearly. 

12 X 12 X 80 


This is a very common thicloiess, but a cutter of the same 
diameter with fewer teeth would, by cutting more and 
scraping less, do the work more efficiently at the same 
feed per minute. 

The horsepower required to remove by milling one cubic 
inch per minute is approximately — 


TABLE XVIII 


Power Required for Milling 


Material 
Aluminium . 




H.P. 

i 

Soft steel 




• li 

Tough steel . 




• 

6o-ton steel . 




• 15 

Cast iron 




• ' 4 , 

Soft brass 




4 

Hard brass . 




1 

Copper. 




. I 

Bakelite 




i 


It is always preferable to use face cutters rather than slab 
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or cylindrical cutters when possible. They produce a 
better surface and absorb less power per cubic inch 
removed per minute even than "high power” cylindrical 
cutters. 

The diameter of tlie cutter should be as small as con- 
venient ; a small cutter reduces, as compared with a large 
one, the torsion and vibration of the arbor, and the length 



of the cut. For instance, with an 8-inch diameter face 
mill a machine w'ould feed comfortably at 4 inches per 
minute, ^^ith a cutter 12 indies diameter, everything 
else being the same, the maximum feed possible was 2*4 
inches per minute. The effect on the length of the cut 
is more apparent in gang milling or sawing, or when a 
groove is to be cut. The travel from the loading position 
to the commencement of the cut wiU be called the 
approach. 

A furtlier distance (Fig. 12) has still to be travelled 
before the full deptli (or, in face cutters, the \vidtli) is 
attained. 
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It may be shown that 

A = VB{D-B) 

where B is the depth and D is the diameter of the cutter. 
A will be called the start. 


In Fig. 12 A2 



D2 

4 


D2 

h DB - B2 

4 


= B(D - B) 

Therefore A = a/B(D - B) 

To this theoretical amount a little, say \ inch for smooth and 
up to \ inch for rough components, must be added for safety. 

Besides the allowance at the start a small overrun, say 
I inch to ^ inch at the finishing end, is also necessary. 

Face milling cutters are often set so that the front edge 
cuts and the back edge just, and only just, clears the 
surface. In other words the cutter spindle is slightly out 
of square but not so much that the resulting surface is 
appreciably “dished.” Setting the spindle dead square 
results in criss-cross feed marks which are generally 
uneven and look bad. 

By thus inclining the spindle the amount of travel 
required to finish a surface is reduced. Fig. 13 shows this 
clearly. When the spindle is inclined the amount of 
travel required to mill the length L is L -f A, A (the same 
as the start) being less than the radius of the cutter 
according to the relation between B and that radius. 

A =--|VD2-B2), 

2 


but it is easier and quicker to measure it, allowing for the 
start and some ovemm. 

When the spindle is square the travel must be 
L -f- D overrun. When only one cut is taken over a 
surface the constituents are — 

I. Unload and load. 
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2. Approach. 

3. Mill surface and overrun to clear the cut. 

4. Travel hack to loading position. 

5. Gauge. 

If two cuts are required the sequence is — 

1. Unload and load. 

2. Adjust table (or cutter) height for rough cut. 


I 



Fig, 13. Face Miixing 


3. Approach. 

4. !Mill surface and overrun to clear the cut. 

5. Travel back until cutter is clear. 

6. Adjust height for finish cut. 

7. !Mill surface and overrun to clear the cut. 

S. Travel back to loading position. 

9. Gauge. 

Sometimes the last cycle ma}' be varied when face 
milling by continuing the overrun in constituent 4 until 
the cutter is quite clear, adjusting height for the finish 
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cut and milling back in the reverse direction. In this 
way constituents 5 and 8 are eliminated but 4 is increased. 

For some work constituents 2 and 6 can be omitted, 
the spring of the machine being enough to give a finishing 
cut on the return stroke. Thus constituents 5, 7 and 8 
become united into one. 

The approach or travelling from the loading position to 
the commencement of the cut may be 2 seconds as a rule, 
but 5 seconds if the cutter is stationary during loading. 

For adjusting cutter height the time varies from 5 to 
120 seconds according to the means for effecting it. On 
small milling machines 5 seconds is ample. Larger ones, 
those w'hich will carry a 12 inch diameter face cutter for 
instance, require 10 seconds. The machine must be 
known before a definite time can be given. 

The time for the return travel also depends on the 
machine. If a quick pov/er return is provided only a few 
seconds will be required, but winding back by hand may 
take about 15 seconds per foot. For light lever operated 
machines the cycle time is often the cutting time plus 2 
seconds for manipulation. 

Gauging time is generally trifling and is covered in the 
15% fatigue allowance ruiless there is something special 
about it. 

Cutting time (per cut) in seconds is evidently 

Total travel during cut . , 

— — ^ ° X DO seconds. 

Feed per irunute 

The total travel can be found as indicated in Figs, 
13, 14 and 15. An adequate overrun must be allowed 
for, not less than inch for slab cutters and end mills, 
J inch for face cutters under 6 inches diameter, and | inch 
for larger ones. Also, when a fine accurate finish is 
essential, add 20% to the time of the finishing cut cycle 
to admit of occasionally repeating it on surfaces which 
are barely up to standard. 

\\Tien metal castings are being machined there is always 
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a risk of encountering hard spots, so much so that 20% 
allowance may not be enough. On the other hand forgings, 
as a rule, should require no such extra allowance. But 
when quantities are vety small, first-rate quality is 
necessary, and there are no cutter-setting gauges, trial 



cuts have to be made. The milhng machine is verj^ easy to 
set nearh- accurately ; but a trial cut, part way, followed 
by a slight!}" deeper one all over is likeh* to leave a ridge ; 
hence in those cases it is adrisable to allow for two 
finishing cuts for the first of the components besides 
the 20% on the remainder, whatever the material. 
But not, of course, unless superfine work is really 
essential. 

In continuous milling the components are held in 
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fixtures secured to a rotating table or drum. The floor 
to floor time per component is 

Time of revolution of table in drum 
Number of components per revolution 

The determining factor is often the time for loading 
and unloading the components; the rate of production 
cannot be faster than the components can be fed into and 
removed from the fixtures. 

In semi-continuous milling there are two stations. At 
one, cutting takes place while the operator loads at the 
other. Indexing takes place between the cuts ; hence the 
floor to floor time equals the sum of the times for 
Approaching, Indexing, and either Cutting or Loading 
(whichever is the greater). A common time for the first 
two constituents is 20 seconds. Loading can be made 
very rapid as a rule, consequently the cycle time is often 
equal to the cutting time plus 20 seconds ; it should be 
remembered that there may be several components in 
one fixture to share this. For any form of continuous 
milling it is not wise to force the cut to such an extent 
that the cutters need frequent re-sharpening. The speeds 
and feeds should be about 75% of what is recommended 
for ordinary milling, unless the cuts are shallow. 

Series fixtures frequently involve awk\vard clamping 
and the use of excessively large cutters which (except on 
stiff arbors) reduce the feed and increase the length of the 
start. When the proportions are suitable they are great 
time savers. But the components from them are certain to 
vary a little. It is practically impossible to make the 
locating faces all exactly alike: hence for precision work 
series fixtures are better avoided. 

Fig. 14 is combined with Fig. 15 but above it. There 
are three components in series, the depth of cut being B. 
From the start of the cut to reaching fuU depth in the 
first component a distance C must be travelled and when 
the first component has been finished the travel amounts 
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to A. Since the cutter commences on the second com- 
ponent before finishing the first time is saved. In other 
words, A is greater than the pitch of the component in the 
chain, or 3A is greater than D, the total travel for three 
components. 

In Fig. 15 the depth G of the cut is less than B and 
smaller cutters are used than in Fig. 14, but the com- 
ponents are spaced the same distance apart. E is less 
than A and F is less than D, but 3E is less than F. The 



milling in Fig. 15 will take less time than that in Fig. 14, 
but it would be quicker to mill tlie components singl}’-, 
not in series unless manipulation be greatty increased in 
the former case. 

This is also obvious from the fact that the first com- 
ponent is finished before the next is started. 

Sometimes a fiat is shown on a drawing where a concave 
surface would be equally satisfactory. If that happened 
to be tlie case with tlie components in Figs. 14 and 15 the 
quickest way of milling them would be as showm in Fig. 16. 
The amount of travel to complete one component is only 
H in that case, far less than A or E in the preceding 
figures. Under ordinarj’^ conditions the rate of feed 
through H w'ould be the same as for A or E, consequently 
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much cutting time would be saved. Moreover the cutting 
action is better, resembling “downcut” milling. 

The fixture in Fig. i6 is comparatively cheap and simple. 
The tool-making difficulty of providing locations in 
accurate alignment for several components is avoided, 
swarf is more easily removed and the loading time per 
component is likely to be less rather than more, though 
this depends on the method of clamping. These advan- 
tages are only slightly offset by, possibly, a small increase 
in machine manipulating time per component. In all 
these figures the bare cutting travel is indicated without 
any overrun or space for a safe start. But the effect of 
these losses is small. 

The constituents for the series fixtures are 
Load Unload 

Approach Return 

Mill 

For the Fig. i6 fixture the constituents are 
Unload and load Mill 

Approach Return 

Milling components in parallel often present a difficulty 
when limits are fine. The cutters have to be accurately 
spaced sideways in that case and the trouble and delay 
in getting them set right may easily offset any gain in 
cutting time later. For bolt heads and similar items fine 
setting is not necessary. Components may be arranged to 
combine both series and parallel milling, there being two 
or more chains side by side. Squares or hexagons are often 
milled in that way, the chains being mounted on an index- 
ing table and indexed through 90° or 60° for successive cuts. 

Sav/s, too, are often mounted in parallel on an arbor 
for sawing components from bars. In this way extruded 
bars can be sawn off to length within a limit of, sa}', 
-{- 0-005 inch ver}7 economically. But a limit of -fo-ooi 
inch would be extreme^ difficult to maintain with multiple 
saws. By the time the set-up was right the quantity 
required could probably have been cut off correctly 
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separately by combining a stiff saw with a side facing 
cutter to trim a “thou” or two off the end to eliminate 
any error in feeding to the stop. 

The feeds for sawing may usually (except for hydraulic 
feed machines) be rated at 4 inches per minute for mild 
steel, 2-5 inches for 50-ton steel and 8 inches for brass, 
providing plenty of power is available and the saws are 
stiff enough to avoid whip. The same rates may be used 
for gang sawing, subject to power requirements. Thin 
saws wih not stand more than perhaps 50% of these feeds 
because of “whipping.” If the depth of the bars exceeds 
4 inches in the case of powerful machines or 2 inches for 
medium milling machines the feed will usually have to 
be reduced in inverse proportion ; i.e. a 3-inch depth would 
be fed at f of the rate of the 2-inch deep bar. Small 
bars can often be grouped together and cut in one pass. 
If small bars are cut singly, the feed may sometimes be 
increased in inverse proportion, but it is unsafe to assume 
that before discovering the capabilities of the machine. 

When bars are cut off in the stores the operation 
generally includes extracting them from the racks, 
carrying them to the machine and counting and weighing 
the pieces cut off. The piece-work allowances depend on 
the facilities provided and these vary greatly. Each case 
must be studied, taldng into consideration the quantities 
of one section and length, how many machines a man has 
to attend to, whether his work is regular or intermittent, 
and so on. 

In intensive production the actual times for sawing 
off mild steel billets, including weighing, transport, etc., 
with a man working one machine, may be taken as — 

0-12 minutes per square inch -f 0-5 minutes. 

For this purpose round bars may be taken as square. 
Thus for sawing off, weighing, etc., pieces from a 3-inch 
diameter bar, the time will be 3= x 0-12 -f 0-5 

= *58 minutes per piece. 
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Some of the new hydraulic machines are 30% faster than 
the mechanically operated machines on which the above 
formula is based and enable that proportion of time to be 
saved because they are semi-automatic. If the bars are 
nested so that several are cut simultaneously use 0-12 
minute for each inch in their combined area but reduce 
0*5 to 0*3 for each bar. 

For sawing off under regular production conditions 
on a medium-powered milling machine the actual time 
in seconds for sawing off mild steel may be as in 
Table XIX. 


TABLE XIX 

Sawing Mild Steel on Milling Machines 


Size of Bar 

Load Whole Bar 

Per Billet 

Manipulation 

Cutting 

4 in. 

90 

30 

140 

3 in. 

60 

30 

90 

2 in. 

30 

20 

40 

i in. 

20 

^5 

20 


The size of bar is for square or round bars or flats 
grouped to make the equivalent section. Loading time 
for the whole bar is given separately because its effect 
on each cut off depends on the number of pieces each 
length will make. If the ends of the bars are not square 
to start with an extra cut is necessary to square them. 
Manipulation includes feeding to stop, clamping, and 
machine handling. Owing to the saws cutting in arcs 
the length of the cut is greater than the thickness of the 
bar. The rates for tubes may be taken as about the same 
as for solid bars ; there is less metal to remove, but it 
gives far more trouble. For bars of other material the 
cutting time will vary in proportion to the feeds in Table 
XVII ; the other constituents wiU be as in Table XIX. 

While on the subject of cutting off it \vill be as well to 
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include hack-saA\'ing times. With efficient machines and 
saws the actual basis time per piece, including weighing 
and transport, may be 0-3 minute per square inch -{- 0-2 
minute per piece. "Per square inch” means sectional 
area for square bars, and roimd bars are to be reckoned 
as square for the purpose. 

Thus the basic time for pieces inches diameter 
would be # X X 0-3 -j- 0-2 

= 0-92 minute. 

All the above formulse are for general application where 
lengths vary from an inch to 4 or 5 feet and from mild 
steel to alloy steel before heat treatment, these being the 
usual requirements. An allowance of 15% is adequate 
for preparation, recording, setting up, and fatigue, unless 
the quantities are small. Should they be generally in half 
dozens or thereabouts the allowance should be increased 
to 30% ; and for tool room and similar work where only 
one or two of a kind is the rule 50% is necessary. Where 
the conditions are such that efficient work is impossible it 
is not uncommon for treble the above times to be found 
necessary. 

Many milling operations involve indexing as a con- 
stituent. The average time for hand indexing mth a 
notched plate is 5 seconds. For closely-spaced notches 
and simple movements 3 seconds suffice; a long sweep 
and a quick clamping device vdll take 8 seconds on light 
work. Power indexing takes from less than one to several 
seconds according to the tjqje, size, and age of tlie machine. 
The time must be ascertained for accurate estimating. 

With the indexing are always associated the approach 
and the travel back to clear the cutter and they may be 
reckoned as one constituent, the times being based on 
the foregoing for milling machines or on a study of the 
gear-cutting machine as the case may be. 

The spaces between gear teetli being deep grooves, the 
cutting travel is alwaj^s much greater than the length of 
the teeth as already showTi. 
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When spiral teeth are hobbed the amount of cutting 
travel is further increased by approximately 2A where A 
is measured as sho\vn in Fig. 17. This assumes that 4 teeth 
are engaged simultaneously by the hob. It is a very 
rough rule. Still, it is near enough for many purposes. 



Fig. 17. Travel of Hobs 

The rate of feed for bobbing may be that which would 
be used for ordinar}'- gearing divided by the number of 
teeth in the wheel. Thus, if 5 inches feed per minute 
would be satisfactory when the teeth were cut singly, 
inch feed would be right for bobbing if there were 
28 teeth. This supposes a hob vdth a single start. For fine 
teeth mrdtiple start hobs ought to be used and then the 
rate of feed can be multiphed by the number of starts. 
In the example if the hob had 7 starts the rate of 
feed would thus become inches per minute. Hobbing 
eliminates indexing time. 
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Suitable feeds for ordinary gear cutting are given in 
Table XX, page 104. The manner in which the work 
is supported makes a great difference to possibilities in 
this respect. 

The table gives feeds in inches per minute. The roughing 
cut is assumed to leave about 0-015 inch (measured 
radially in setting the cutter depth) for finishing the 
smaller pitches and up to 0-040 inch for the large 
pitches. Under very favourable conditions roughing feeds 
ma}^ be 50% faster than the table gives. If only one 
cut is taken the feeds may be about 80% of those 
given in the table. 

The remaining constituents for gear cutting by milling 
call for no special comment. A man can work several 
machines simultaneously. 

Thread milling feeds may be as given in Table XVII for 
ordinary screws. An allowance of 6 seconds usually 
covers the approach and sinking to full depth. The 
constituents are — 

Load 

Approach and start 

Feed through one turn plus (about) | inch 
Withdraw for reloading 
Gauge occasionally — say, 10% 

An operator usually looks after at least two machines. 
VTien worm threads are milled the length of the grooves 
must be calculated or measured and an extremely liberal 
allowance made for the travel at the start between com- 
mencing to cut and reaching the full depth. Indexing 
must be allowed for when there are multiple starts. The 
workshop is the best place for finding the real length of 
cutter travel for each start. The feeds in Table XX are 
suitable. 

Milling cast iron, bronze, and brass with tools tipped 
with tungsten carbide is very successful. On aluminium 
it is not so good, and not many use it for steel. 

VTiereas suitable feeds per tooth vdth cutters of 
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high-speed steel range usually from o-oo8 to 0’0i6 inch, 
according to the depth of cut, its breadth, and the power 
available, the feed per tooth with tungsten carbide may 
well be from 0-005 to o-oio inch in similar circumstances. 
But the speed may be at least three times as great. Thus, 
in general, the feed per minute is doubled when milling 
with tungsten carbide. 

Sometimes carbide tools are used with speeds and feeds 
not greatly different from those suitable for high-speed 


TABLE XX 

Feeds for Gear-cutting 


Dia. 

Roughing 

Finishing 

Pitch 

Brass 

Cast 

Mild 

Tough 


Cast 

Mild 

Tough 


Iron 

Steel 

Steel 


Iron 

Steel 

Steel 

2 

H 

5 

4 

3 


6 

6 

4 i 

3 



4 i 

3 i 

— 

6i 

6i 

6 

4 


5 i 

4 i 

3 i 

— 

7 

7 

7 

6 


5 l 


3} 

— 

7 i 

7 i 

7 i 

8 

10 

6 

4 f 

4 

16 

8 

8 

8 

10 

12 

6i 

5 i 

4 i 

16 

H 

8i 

8i 




One 

Cut 





12 

8 

5 i 

4 i 

\ 3 i 

— 

— 

— 

— 

16 

10 

6 

4 i 

3 J 

— 

— 

^ 

— 

20 

12 


5 

4 

■ 





steel. The advantage lies in the greater durability of the 
cutting edge. On cast iron it %vill last for four or five times 
as many components and on the brasses it is better still. 

Against this advantage must be set the high first cost, 
the fragility of the tips when slightly abused and the 
trouble in grinding. On the whole carbide tools are 
suitable at present only for special cases; for instance, 
where quantities are large, materials are rather hard and 
machines are stiff and with plenty of power. If high 
speed steel stands up to the work and absorbs aU the 
machine power nothing is to be gained by changing to 
tungsten carbide. 


















CHAPTER VI 


TURNING 

The preparation time for centre lathe work including 
preparation, recording and setting up as defined in 
pages 39 and 4S averages 20 minutes for small lathes, 30 
minutes for a 12-inch centre lathe (i.e. 24-inch s^ving), 
and 40 minutes for hea\y lathes. If gears have to be set 
for screw cutting allow another 15 minutes for simple 
trains and 30 minutes othen\'ise, unless no new calculation 
is required, when 10 and 15 minutes respectively are 
ample. 

WTien work is done between centres the loading con- 
stituent includes placing the carrier on the work, greasing 
the centre, putting between the centres, adjusting the tail 
stock, and the reverse sequence. The inclusive time is 

T.\BLE XXI 
Chucking Times 

(The times are in secoads, and include loading and unloading) 


Self-centrins; T3 \ys 


HVigl;/ of Coniponints 


I 7 Ib. =0 Ib. 60 lb. 


Rough castings, etc. . 

Special jaws gripping surface 
already turned 

.\s at B and setting face true 
v.ithin -f: o-ooi in. up to lo in. 
dia. and \>-itliin £; -002 in. over 
that . . . . . 



Independent jaws j 

D. Rough casting, etc, . . -1 60 j 120 

E. Chuck and set true as at C, but j 

on dia. and one face . -| 


210 300 


360 


600 


goo 
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30 seconds for light pieces easily manipulated vdth one 
hand. If t\vo hands are required 60 seconds is adequate 
unless the weight is over 60 lbs. and either an extra hand 
or lifting tackle is necessai^w Then the time must be 
judged according to the facilities promded. If the work is 
done on a mandrel increase the above time by 20 seconds 
for light and 40 seconds for medium components which 
weigh, vith mandrel, not over 60 lbs. 

The exchange of a face plate for a chuck takes about 
i|- minutes for small lathes and up to about 3 minutes 
for medium size lathes. Changing speeds or feeds are 
better included with the fatigue allowance (see page 
135). Tool changing m.a.y be similarly included but 
often is such a large item that it has to be reckoned 
separately. 

Vihen components are held in lathe fixtures there is 
seldom much chance of using quick-acting clamps. The 
times given in Class 3, Table I, generally apply if another 
zc or 30 seconds are added for each clamp over the first, 
according to the size. ^iTten fixtures do not set the worl: 
true automatically another 15 seconds or so must be 
added, by judgment, to suit the method of adjustment. 

The figures in Table XXI are good guides for general use 
imder ordinar}^ conditions. There are specialists engaged 
in intensive production who can easily chuck and set work 
true in half the times given for C and E. 

Although the times are given in accordance vdth weight, 
the shape of the components and manner of gripping them 
often make modifications necessarru Smaller times can be 
aUovred for hea%y components which are solid and com- 
pact — often 30% less. 

\^Tien the diameter of the turned surface is D inches 
and its length is L inches the general formuls relating 
to cutting speed are — 

12 

R.p.m. = cutting speed in feet per mmute X yyr 
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Cutting speed in feet per minute 


ttD 

12 


X R.p.m. 


Feed per minute = r.p.m. x feed per rev. 
Cutting to turn i inch length 


I 

= ^ — ; mmutes 

R.p.m. X feed per rev. 

number of cuts per inch . 

= — minutes 

R.p.m. 

Cutting time in minutes to turn length of L inches 
L X number of cuts per inch 


R.p.m. 


= L X 


ttD 

12 


X 


L X ttD 
12 


X 


number of cuts per inch 
cutting speed 

I 

feed per rev. x cutting speed 


— = 0-26 (approx.) — =3-8 (approx.) 

12 7T 

For many workshop speed calculations it is near enough 
to take tt = 3. 

For practical use further reasonable assumptions may 
be made to suit restricted conditions in such a way that 
the formulae become extremely simple. As an instance, 
50 cuts per inch is a reasonable standard feed for turning 
mild steel on lathes up to about 8 inches centre height. 

The cutting speeds for turning may be those given in 
Table II. The)?^ can be largely increased for light cuts, as 
will be indicated later. 

The speed is the rate at which the turned surface passes 
the point of the tool. Unless there is so much metal to 
remove that several heavy cuts are necessary, the finished 
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(not the rough) diameter should be the basis for computing 
cutting speed and this will invariably be understood. 
The cutting speed being go feet per minute, the cutting 
time for turning a length of L inches 

_ L X ttD X number of cuts per inch 
cutting speed x 12 

= LxDx — X — 

12 go 

L X D 

= — - — nearly. 

Thus the cutting time for turning mild steel 3 inches 
diameter for a length of 28 inches would be, for one cut — 

28 X 3 

= 12 mmutes. 

7 

Similar modified formulse can easily be devised to suit 
other materials and conditions and are most valuable to 
rate fixers. There is always a danger, if such formula 
are used by unpractical men, that they may be applied 
where conditions are unsuitable. On the whole it is best 
to use the general formulae, simplifying the calculation 
by reference to a table which relates diameters, r.p.m. 
and cutting speeds. That in Table XXII will be found 
convenient and it is easy to extend its range. 

To turn a length L inches the tool always has to travel 
more than that distance. An allowance of \ inch will 
suffice for work up to about 6 inches diameter. For larger 
work allow \ inch imless the cut is light. 

WTien large rough forgings are to be turned i inch or 
even more wiU not be an excessive amoxmt to add to L. 
These allowances are for repetitive work where the tool is 
set to cut the correct diameter by a stop. If the size has 
to be formd by trial add another i inch to the length L 
for moderate and i-| inches for fine limits. 



Turning Speeds for Various Diameters 
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For example, the cutting time in minutes for turaine a 
length, of 6 inches on a cast iron piece 12 inches finished 
diameter, taking one cut ^ inch deep at 50 feet per minute 


and 40 cuts per inch, -would be 

if the tool -were ahead}* set, 
the time -would be 


{ 6 -^ 1 ) X 40 ^ ^ 

= io-4mmute£ 

15-9 _ 

But if trial cuts vrere taken 


(6 -f i|) X 40 

15-9 


19 minutes. 


Of course with coarse limits fewer trials would be needed 
and less than i inch allowance would suSce, 

The rate at which metal can be removed by turning 
varies rvith the power and stifiness of the machine, -me 
stiSness of the work, the kind of material being cut, and the 
quality of the cutting tool Nevertheless, it is -posswh 
to state fahly definite rul^ based on good practice. 

First of all, the great majority of roughing cuts do not 
exceed inch in depth. Then, although there are plenty 
of smaller and larger lathes, those vdth centre heights of 
8 or 10 inches are the commonest. It ^vill be assumed that 


the cutting tools are of one of the best kinds of high speed 
steels, correctly heat treated and ground properl}* at the 
most efficient angles. Lastly, as a guide to the stifiness 
of the work. Fig. 18 -svili be found useful. 

It applies to mild steel shaft turned or ground bet*%’reen 
centres. Diameters are measured verticaliy and lengths 
horizontally, both in inches. The cur^'es are based on 
stress for small shafts and defiection at the centre for long 


shafts. The top cur^m shows the rela-tion between dia- 
meters and lengths for stifi shafts, the middle cun'e for 
medium and the lo-^ver curim for weak shafts. A stifi shait 


win sustain a cut inch deep 0-020 inch feed, a mecuus 
shaft one of ^ inch deep and a weak shait one of rr 
deep also vdth 0-020 feed, -^thout a steady. The diameters 
are those after the cuts have been taken. 

In the case of shouldered shafts, if the smaller diameter 
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is near the centre that diameter determines the stiffness. 
If the smaller diameter is at an end the larger diameter 
determines the stiffness provided the smaller diameter 
does not extend from the end for a greater distance than 
one-third of the limiting graphed length of an equally 
stiff shaft of the smaller diameter. For example, a 
3-inch diameter shaft can be reduced to 2f inches diameter 
^vith one cut at o-020 inch feed, \vithout a stead}’’, providing 
the length of the shaft does not exceed 8o inch^ and the 
2f inches length is not more than 65 3, or, say, 22 inches. 
Similarly a shaft i inch diameter 15 inches long can be 
reduced vith one cut to f inch diameter, vuthout a steady, 
the feed being 0-020 inch, for a distance of 2 inches. 
Reference to the graph shows by the middle curve that a 
I inch diameter shaft wiU. sustain the medium cut ^ inch 
deep without a steady when it is rather more than 12 
inches long. The limiting length of the f inch shaft is 
similarly 6 inches. Hence the maximum length of shoulder 
f inch diameter is 6 3 = 2 inches ; and since this is 

close to the end one may safely assume that a 15 inch 
instead of 12 inch length of i inch diameter vill stand the 
load -without steadying, it being only 25% longer, which is 
about the limit in the circumstances. 

The pressure on the cutting edge of the tool varies 'S'.ith 
the area of the cut, i.e., depth of cut x feed per revolution. 
With a cut ^ inch deep x 0-020 inch feed in mild steel 
the load on the tool is about 

^ X iV X 115 tons = 0-43 tons. 

Similarly for a cut ^ inch deep x ^5- inch feed the load 
will be X X 115 tons = 0-34 tons. 

The pressure per square inch is usually taken at 150 
tons for hard steel and 80 tons for cast iron, as found by 
numerous experiments. Within reasonable limits the basic 
speeds of Table II vill apply for considerable variations 
of depth of cut if the area of cut is kept fairly constant. For 
instance, "vuth a depth of ^ inch and a feed of 0-04 inch. 
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go feet per minute -will still be suitable for turning mild 
steel. But when the area of the cut is much altered the 
appropriate speed is changed too for steels. Cast iron 
cutting speed is not so much affected. Unless the quality 
of the iron is kno-^ra it is best to assume a cutting speed of 
50 feet per minute for all conditions, except when ex- 
tremely hea\^^ cuts are made. Cutting speeds for steel may 
var}’’ ^^■ith the area of the cut as sho^^'n in Table XXIII. A 
change in the qualit}' of the cutting material or in the 
quality of the material being cut makes an appreciable 
difference to the possible speeds, so the figures can only 
be used as a guide. 

TABLE XXIII 

Area of Cut ajcd Cutting Speeds 


.\rea of Cut 

i 

1 

Cutiir.g Spuds ir. Feet per Minute 




Cast Iron 

•001 

150 

100 

75 

60 

-002 

no 

So 

60 

50 

•004 

90 

i 60 

45 

50 

•coS 

75 

1 50 

35 

45 

-016 

60 


30 

35 

1 


It was stated above that ^ inch x 3^ inch cut in mild 
steel required a tool pressure of 0-43 tons. This load 
through go feet per minute equals about 2-6 horse power. 
Ob\-iously the belt power supphed to the machine must 
be at least that amount or the cut cannot proceed. Again, 
such a cut wfil result in remo\'ing just over 4 cubic 
indies per minute. Hence the power to turn i cubic 
inch per minute from mild steel is about 0-65 h.p., or 
I h.p. niU remove about cubic inches per minute.- 
Similarly i h.p. will remo\-e about 1 cubic inch per 
minute from tough steel, cubic inch from 50-ton steel, 2 
cubic inches from cast iron, and 4 cubic inches from brass. 

Feeds for facing may be the same as for straight 
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turning; the speed may be that which suits the largest 
diameter of the facing, though a little higher than for 
straight turning is permissible since it is rapidly decreased 
as smaller diameters are reached. It does not pay to 
change speed while facing on ordinary lathes unless the 
mean diameter of the facing is over 8 inches and the 
maximum exceeds the mean diameter by at least 40% — 
the time for belt shifting will exceed the gain in cutting 
time. 

Exchanging tools involves manipulation of the tool 
rest in addition to making the exchange. The time, 
including manipulation, averages | minute for light lathes 
with American type toolposts. English type toolposts 
require longer; i minute is a fair time for medium and 
minutes for heavy lathes. Indexing a square toolpost 
to present a different tool takes from 10 to 15 seconds, 
according to size. In chuck work the time may be more, 
as will be seen later when considering capstan lathes. 

When tools are exchanged trial cuts and gauging become 
necessary. As already mentioned, trial cuts may be 
accounted for by adding i inch to the nominal length of 
the work. Winding the saddle along the bed varies con- 
siderably with different machines; about 5 seconds per 
foot is, perhaps, an average time. But fatigue and tool 
allowances may usually be reckoned to contain this. 

Taper turning may be done at the same rates as straight 
turning when a taper attachment is used. For prolonged 
hand feed allow inch depth and ttV iiich feed on light 
lathes and Sr inch depth and inch feed on heavy lathes. 

The feeds and speeds for boring may be as for turning, 
but the depth of cut is usually less ovdng to the overhang 
of the boring tool. Generally, unless the amount to remove 
is great, or the hole is very long, one cut more than would 
be required for turning off the same amount of metal is 
sufficient. ^^Tlereas for turning to coarse limits (-}- 0-005 
inch and over) one roughing and one finishing cut will 
frequently suffice, three cuts would be necessary for 
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boring. Similarly work M^hich is turned to fine limits will 
require, commonly, a roughing, a semi-finishing and a 
finishing cut. But for boring to the same limits, with the 
same amount to remove, four cuts should be allowed ; or, 
in the case of small holes, two single point cuts followed 
by reaming. 

With horizontal boring machines the speeds and feeds 
apply as for lathes, and Fig. 18, relating to stiff and weak 
shafts, is also helpful, boring bars being shafts. In repeti- 
tive work where fixtures are used, the work setting time is 
short — ^it must be judged by the circumstances — and the 
cutter adjusting time is negligible if the cutters can be left 
permanently in the boring bars. 

Any boring cutter that is removed from the bar will 
need setting time and trial cuts as for lathe work. More- 
over, gauging becomes a difficulty; but the general rule 
given in the notes relating to Table XXIV applies with 
one modification : instead of " rough dimensions wiU need 
about half these times” read ‘‘fine dimensions will need 
double these times.” 

In the case of miscellaneous boring the preparation and 
setting up times can be estimated only when the conditions 
are known. As a rule a horizontal boring machine used 
on general work cuts only from 15% to 20% of its time. 
Most of the work goes in improvising tools, finding or 
making packing, and setting true the work and boring bars. 


TABLE XXIV 
Gauging Times 


Instrument 

Size 

Fine Limits 

Ordinary 

Limits 

External micrometer . 

Up to 1 in. 

10 

5 

tt $t * • 

2 j in. 

15 

10 

Internal micrometer . 

,, 6 in. 

20 

15 

,, 6 in. 

30 

20 

Snap gauge 

„ 3 in. 

10 

5 


„ 8 in. 

15 

10 

Plug gauge 

„ aj in. 

10 

5 

»» l» . . . 

„ 6 in. 

15 

10 
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The above figures are in seconds and give an indication 
of the time required for each application of a gauge. 
Fine limits are those for ball race fits or extremely 
accurate tool work. Where there are trial cuts allow three 
applications for fine and two for coarse limits. Long 
shafts require gauging at several places. But in most 
cases, for ordinary work not intensively manufactured, 
the following rule for gauging time will be satisfactory: 
for each dimension to be gauged or measured allow | 
minute, and for every foot in that dimension, whether 
diameter or length, add a further | minute. Rough 
dimensions will need about half these times (compare 
with previous note regarding boring). It must be remem- 
bered that except in intensive production a dimension 
commonly has to be measured at least twice. 

If a steady is to be used allow lo minutes for setting it 
in the first place and 3 minutes for subsequent adjust- 
ments, Any turning necessary before steadying will be 
either with light cuts or at the end where the centre already 
provides sufficient support. For applying a steady already 
set for size allow i minute when necessary. 

The shaft in Fig. 19 could be made from a bar 3^ inches 
diameter or from a forging. It is on the border line where a 
slight change in circumstances would make either method 
the cheaper. Suppose it is to be made of tough steel, and 
that the 3^-inch diameter bar already heat-treated costs 
i^d. per lb. It will weigh 132 lbs. and will cost 16/6. 
The forging will probably weigh 70 lbs. If it cost 3d. 
per lb., suppHed heat-treated and straightened, its price 
will be 17/6. The weight of 70 lbs. is based on the forging 
being 2J inches diameter, except at the collar. It could 
be 2^ inches diameter if there were large numbers to make ; 
for the present purpose let the quantity required be three. 
The objection to 2^ inch diameter for small quantities is 
the difficulty there probably would be in maintaining 
concentricity on each side of the collar ; the straightening 
time would be excessive or else the shafts would fail to 
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clean up. With large quantities this difficulty would be 
overcome, resulting in a saving of about lbs. weight 
and i/io in the price of each forging. 

The bar may be stocked in, say, 12-feet lengths. A 12- 
feet length will make two components and leave an odd 
length of less than 2 feet. Will that be usable ? Cutting 
off has to be paid for. Machining will take longer, perhaps 
— not necessarily — as will be shown later. 

On the other hand, it is likely that the forging will need 
some straightening when the turner gets it. The turner’s 
idea and the smith’s of what straightening means may 
not be identical. Again, the length of the forging is 
almost certain to be excessive near the axis through the 
rough cut off made in the smithy. This will mean, very 
likely, having to centre the ends twice, once for facing 
(or even parting off) to length and afterwards for turning. 
Moreover, near the collar the forging will taper down 
gradually, not abruptly, to the 2^ inch diameter, a fact 
which win increase turning time. 

However, let forgings be decided upon and delivered to 
the machine shop for turning on an ordinary single post 
lathe. Bars would be sawn off to the desired length, 
leaving only about inch for facing the ends. They could 
be centred on a centering machine by a semi-skilled man 
at the rate of about f minute an end. By way of contrast 
it is worth mentioning that in intensive production, using 
a double-ended machine, \ minute would be plenty of 
time for centre drilling both ends. But the forgings will 
have rough ends and must be faced to length before 
centering permanently. In the circumstances it will be 
convenient for the turner to do the whole of the work. 

First, he will flatten the centre, if necessary, for con- 
venience in marking ; second, he will mark off the centres ; 
third, he will centre-punch them. Considering their weight 
10 minutes will not be too long for the three shafts, 
especially as the necessary tools have to be laid ready at 
the start and then put back into their customary places. 
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Lest the picture be drawn too black let it be supposed 
that a self-centering chuck is ready for use on the lathe ; 
then, by chucking one end, the other can be supported 
by the centre while a short length is turned to, say, 2tsV 
inches diameter for running in the fixed steady. If the 
end is smooth and round this may not be necessary, but it 
is certainly safer. When the steady is applied the end can 
be faced to suit the forging. The 10 minutes for setting 
up the steady in the first place should be reckoned here, 
but the turning time need not be included because this 
preliminary work will save time later. After the facing 
is done the permanent centre can be drilled from the tail 
stock. A fair time for one end will be — 

Chuck one end and support the other on centre 

Set tool for turning and facing (2-^6 ends! 

Turn end ^2 x 

Mark position of end to suit forging . 

Steady (application only) .... 

Face end ^assume 3 cuts, 3 x • 

Replace centre by drill chuck ivith centre drill 

Centre drill ...... 

Replace centre ..... 

Remove forging from chuck 


Total 

Six ends will take 6 x 8-73 = 52-38 min. 

Some straightening must also be allowed for. On a 
proper press minutes per shaft would suffice. Wdien the 
turner does them he may have to collect tackle and is 
likely to spend at least 15 minutes in straightening the 
three. ' 

Thus the 6 forgings vdll take for the preliminary work — 

Mit’.s. 

Fixing steady in first place (i min. for 1st shaft already 
included) 9'0 

First centering ...•••• 

Facing and final centering . . . . ■ 52‘38 

Straightening .... ... 15 ’° 

86-38 

or, near enough, 86 min. 


Mins. 
. i-o 

- 0-33 

• 1-4 

• 0-75 
. i-o 

■ 2-5 

• 0-5 

. 0-25 

- 0-5 

• 0-5 


• 8-73 
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The bars would take for 

Cutting off . 
Centering 


Mins. 


7 

4 ^ 



The short time required for skimming the end faces of 
the bars for the present can be neglected. Thus far the 
bars have an advantage 74^ minutes. If one hour is 
equivalent to 4/- on the chosen lathe each bar is about 
2/8 cheaper than the forging up to this stage, since it cost 
i/- less in the first place. The question now is: Will the 
time saved in turning the forging be worth more than 
2/8? In this example let the lathe have speeds of 80, 
114, 160 and 220 r.p.m. among others. The turning time 
wiU naturally depend considerably on the available speeds. 
If they are unknown the ideal speeds of Table II should be 
the basis for the rate fixer’s instructions, but for estimating 
a price for quoting a customer it is advisable to add a per- 
centage on the basis time to cover what may be termed the 
ignorance factor. This is extra to and not to be confused 
with the fatigue and other allowances. As much as 20% is 
sometimes allowed. For simple work such as these shafts 
10% should be plenty. Further, suppose the lathe has a 
3 h.p. drive, that it can feed by power at 16 and 32 cuts 
per inch, and feed and speed changes can be quickly made. 

Of course all the points mentioned here will not be 
considered for every estimate; one problem well studied 
is better than many superficially examined. 

By Fig. 18 the shaft is very weak, hence a travelling 
steady will be necessary for roughing the long end. 

The cutting constituents for roughing will be — 

A. Turn long end. The finished length to the collar is 
48 inches. AUow i inch extra for trial cuts at the 
start and another 3 inches for extra cuts which may 
be necessary due to the swelling near the collar. 
The total is 52 inches. 
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B. Turn collar and face one side. The total length will 
probably be 2 inches for the top diameter. Facing 
will include turning a short length of the smaller 
diameter, say 3 cuts averaging i inch each allowing 
for irregularities and a dwell at the ends, making a 
total of 5 inches. 

C. Turn short end. Working as at A the total will 
be 16 inches. 

D. Face collar as at B. Total length equals 3 inches. 

The speed of 114 r.p.m. will be right for cutting A and 
C at 60 feet per minute. This combined with uV inch 
feed through a total length of 68 inches gives a time of 

68 X 32 . , 

= iQ-i minutes. 

114 

Similarly B and D at 80 r.p.m. (rather fast but near 
enough) ^vill take 

8 X 32 . 

— = 3*2 mmutes. 

80 ^ 

The total cutting time = 22*3 minutes. 

But will the lathe be powerful enough to remove metal 
at this rate of about 3 cubic inches per minute? Since 
I h.p. will remove about i cubic inch of tough steel per 
minute, the 3 h.p. provided "will just suffice. 

In anticipation of A the shaft will have to be placed 
between the centres. For C it must be reversed; it will 
be removed from the centres and laid dovm when com- 
pleted. The times per shaft will be — 

Mills. 

Loading time ...... 2-o 

Tool setting . . . . . . i-o 

Steady (two applications) .... 2-o 

Gauging — roughly for diameters and lengths . 2-0 

Total .... 7-0 

In addition there is the first setting of the steady of 
which I minute has already been included, leaving 9 
minutes to be divided among 3 shafts, or 3 mmutes 
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each. The total handling time is, therefore, lo minutes 


per shaft. 

Handling time . , . .10 

Cutting time. . . . .22*3 

Preliminary work . . . 28-7 


Total . . . 6i-o 


At 4/- an hour this is worth 4/1. Hence the total cost of 
the forging up to this stage is 17/6 + 4/1 = 21/7. 

If the bar were turned on the same lathe the handling 
would take more than 10 minutes on account of the extra 
weight — say 15 minutes. Since the removal of 3 cubic 
inches per minute is the utmost the lathe can do, that 
gives a ready way of ascertaining the cutting time. The 
weight of the bar will be 132 lbs. When it has been 
rough turned its weight will be 75 lbs. less, which, at 
0*28 lbs. per cubic inch is equivalent to 270 cubic inches. 
Allowing 5 minutes for trial cuts and skimming the ends 
true the time taken for turning will be 

15 + ^ + 5 = iio minutes. 

This will be worth 7/4. The total cost to this stage will 
be 16/6 + 7/4 = 23/10, It follows that the 2/8 saved 
in the early stages would be more than offset by the extra 
turning. But if the bar were turned on a heavy turret 
lathe of, say, 8 h.p., the machining would take only about 
50 minutes. And if the larger machine were rated at 
6/- an hour the cost of turning would be only 5/-. This 
added to 16/6, the cost of the material, gives a total 
cost of 21/6, which is less than by the forging method. 

These figures, taking no account of preparation time 
and fatigue, are scarcely conclusive, yet are not mis- 
leading. Neither has the value of the swarf been reckoned. 
At o-o8d. per lb., for instance, the extra swarf from the 
bar would be worth nearly 5d. and this would be of further 
advantage to the bar method. It must not be forgotten, 
however, that the swarf w'ould have to be collected from 
the machine and carted to the dump for either method. 

There would be one difference in the shafts rough 
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turned in the three ways which have been described ; the 
one turned from bar on the weak lathe would probably 
run nearly true on its centres; the forged shaft would 
probably be true at the ends but be bent so as to run out 
near the centre; the one made from bar on the turret 
lathe would almost certainly be bent near the collar 
through having to reverse it in the chuck and probably 
it would have minor bends elsewhere. Straightening the 
last would take about 3 minutes and the one from the 
forging li minutes. The alternative to this would be to 
leave about inch on the diameter for semi-finishing. 

Up to this stage the study has been diverted by many 
side issues. The finishing shall be direct as an indication 
that the whole study can be brief. To save altering the 
steady several times and to minimize speed, feed and tool 
changing it vdll be better to exchange the shafts between 
the centres as they reach convenient stages. 


Semi-fimshing — Mins. 

Straighten ....... 1*5 

Adjust steady (once for 3 shafts) . . . i-o 

Load (twee) . . . . . . . 2-0 

Set tool (4 times) . . . . . .4-0 

Gauge ........ 2-0 

62 vf I A 

Turn (4S + I -f 12 -f i) . . . 6-2 

i6o 


. 26I X 16 

Turn (24 + I + J i) — — . . - 3-7 

114 

Turn sides of collar ^ ^ .- i . (hand feed) . 1-7 

114 

Total ....... 22'i 


Finishing — 

Steady (for safety) . . . . . . i-o 

Load ........ 2-0 

Set tool ........ 1*0 

Gauge ........ 3-0 

Turn (14 + 1 + 10 -f I -f 12 + i) . 5"7 

Skim sides of collar ^ ^ ^ . . . o'6 

220 

Chamfer ends with file . . > . . i-o 

Total ....... 14*3 
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The total time for the 3 shafts amounts to — 


Prelimiiiary and roughing 

Semi-finishing 

Finishing 


Mina. 

i 8 yo 

66-3 

42-9 


Total . 


292*2 


There are still to be reckoned changing speeds and feeds, 
exchanging chuck for face plate, etc., but these may be 
held to be sufi&ciently allowed for in a 12^% fatigue 
allowance. If the operator is to earn time and a quarter 
the time allowance wih be — 



Mins. 

I2^% fatigue . 
Preparation 

. . 292*2 

• 36-5 

30*0 

25% P.W. 

358-7 

89*7 


448*4 


In practice the man would be given 450 minutes. 

Tool grinding or replacement can be attended to 
during the cut if shop facilities are weU arranged. In 
old-fashioned works turners often have a hxmdredweight 
or two of turning tools, most of them scarcely usable. 
In other works the opposite extreme is in vogue, the 
turner being allowed to possess no stock of tools and not 
allowed to grind any. It is far better for him to have a 
small selection, with duplicates where convenient, and 
to do his own minor resharpening on a wheel near his 
machine. 

The fatigue allowance should vary mth circumstances. 
If there were only one shaft to do, the tool, steady and 
other changes would be proportionately increased, adding 
considerably to the physical strain. Besides this there 
would be more mental strain. An allowance of I2|% 
would be ample if the man were familiar with the job or 
others nearly like it, especially since tool changes are 
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allowed .for, but not Avith only one shaft to do, in spite 
of the 30 minutes’ preparation time. If it were kno'wn 
that the assumed speeds and feeds were actually available 
on the machine selected for the job, 15% would be a 
reasonable fatigue plus tool and contingency allowance. 
If the capabilities of the machine were not definitely 
known 20% would be fair. 

If the machine were employed exclusively on shafts 
the 30 minutes’ preparation time could be reduced to 
15 minutes and the fatigue allowance to 10% if long cuts 
were the rule. With more intensive production a 15% 
fatigue allowance might be given but the turner would 
have to work two or more machines simidtaneously. 

In intensive production multi-tool centre lathes are 
largely used, principally on shafts where there are plenty 
of shoulders. The calculations follow exactly the same 
lines as in the last example. It is necessary to study the 
machine as well as the job to ascertain how the tools may 
be applied. The only points to note are — 

Feeds and speeds are less, mainly to prevent frequent 
regrindings of the tools and resetting them, but also 
because more rapid cutting would absorb too much power 
or spring the work. 

The cutting time is usually that taken by the tool 
which cuts the longest shoulder. The r.p.m. are deter- 
mined by the largest diameter being cut, subject to the 
restriction first mentioned. In this connexion it is worth 
mentioning that tlie cemented tungsten carbide tipped 
tools are often helpful, since the}' can be used on large 
diameters at a high speed, while high speed steel tools 
are working on less diameters at the speeds which suit 
them. 

For instance, in Fig. 20 carbide tipped tools at C and D 
enable the cutting speed on diameter A to be suitable for 
the high speed sted tool which turns it. Without the 
carbide tools the speed would have to suit the flange 
diameter. It does not follow that the speed could be 
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further increased apphdng carbide at A, for that 
cutting material has its limitations; moreover the total 
volmne of material removed per minute is dependent upon 
the power. The nature of the drive on the component 
also has to be considered. If there are holes, or luas as 



indicated in Fig. 20, a reliable positive dii're can be 
obtained. 


The time of the turning cut is dependent on the length B 
of the longest shoulder. If one shoulder were removea, 
as indicated bv the dotted lines, the time would be 


increased by the dmerence between B and E althougn 
the amount of work to do would be lessened. Often tne 
grooving tools would be better employed after the tarmng 
had been finished. In that case the cutting time woule 
be the turning time plus the grooving time. For furtfier 
remarks on multi-tooling see pages 130, 134 and 139- 


VvTaen screwing vee threads with single pomt too' 


1= snO 
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chasers the number of cuts or passes is given (using the 
nearest round numbers) b}*" — 

64 


T.P.I. 

80 

T.P.I. 


for external use. 
for internal threads. 


If a specially good finish is desired on steel, allow 3 passes 
extra for fine and 6 passes extra for threads coarser than 
10 per inch. 

Thus to cut a male thread inch pitch, the number 
of passes will be =4. And an internal thread J inch 
pitch wall require 20 passes. Speeds may be much higher 
than are frequently used. 


TABLE XXV 

Screwing Speeds with Chasers 


(Feet per Minute) 



Mild 

Steel 

Tough 

Steel 

Brass 

Cast 

Iron 

straight through threads 

m 

30 

100 

30 

Screwing to a shoulder . 

m 

30 

40 

30 


To the nominal screwed length about \ inch or 2 threads, 
whichever is the greater, must be added to obtain the 
length of the pass. For straight through threads add a 
further ^ inch for overrun at the finishing end. 


The time in seconds for each pass will be — 


Length of pass in inches x T.P.I. x 60 
R.p.m. 


seconds. 


Manipulating time will be about 9 seconds per pass for 
short easy threads, 12 seconds for odd threads or where 
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engagement with lead screw is not perfectly simple, and 
more, according to circumstances, for difiScidt cases. The 
9 seconds is made up of — 

Withdrawang tool and winding saddle back . 3 sec. + i sec. for 

each 4 in. length 
screwed 

Resetting tool to correct depth . . .3 sec. 

Re-engaging nut with lead scre%v . . .2 sec. 

It will be obvious from the above particulars how to 
modify the constituents to suit other cases and how to 
arrive at the overall time for cutting a thread. It should 
be observed that the above data are suitable only for 
repetition work done most skilfully. But the addition of 
50% to the overall screwing time found by using them 
will be just about what to expect under ordinary con- 
ditions, as in the tool room, for instance, where screwing 
is not a man’s regular occupation. 

The turner will need some allowance for gauging the 
screw when he has cut it. About | minute will cover ordin- 
ary cases. Very long screws or screws of large diameter 
must be considered and the time allowed as seems reason- 
able. There are too many variables for a useful rule to 
be formulated. 

Capstan and turret lathe work may be divided into 
bar and chuck work. Most of the data given for centre 
lathes apply. In general, speeds and feeds are slightly 
less. This is partly to save too frequent re-sharpening, 
and partly through multi-cutting, which increases the 
load on work and machine. Of course if metal is cut dr)' 
on a centre lathe and flooded with cutting compound 
on a turret lathe, the speed can be higher on the latter. 
Here it is always assumed that those metals requiring 
suds for efficient cutting are flooded -with them. Most 
turret lathes are used too much like centre lathes. They 
are inadequately equipped and badly supervised. 

Estimates may safely be based on the cutting speeds 
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The above feeds give a first-class finish. They may be increased by 50% for many purposes. 
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given in Tables XXIII and XXVI. The feeds for chuck 
work, subject to the range available, and when not more 
than 2 tools are cutting simultaneously, can be the same 
as for centre lathe work. With 3 tools the feed rate might 
have to be reduced to |- of the possibilities with 2 tools, 
to ^ with 4 tools, and so on in proportion. But the depth 
of cut and the speed affect results. Some tools will be 
cutting large and some small diameters. The latter will 
absorb power in proportion to their lower speed, depth of 
cut being the same. Obviously a reliable estimate cannot 
be made until the whole of the facts are known. For 
preliminary estimates it will be advisable to assume a feed 
not exceeding o-oio inch per revolution for light machines 
(those which will take inch diameter bar and swing 
about 12 inch diameter), 0-015 i^^ch for medium machines, 
and 0-030 inch for machines which will take a 4 inch 
diameter bar or swing about 24 inch diameter. 

It will be noted that the speeds in Table XXVI are based 
on the outside diameter of the bar; so the speed at the 
point of the tool is, as a rule, considerably less. For 
small bars of free cutting material the r.p.m. can be 
increased if the machine permit. More often a lower speed 
has to be used. The feeds, too, cannot always be exactly 
obtained. As a rule there are several tools applied during 
a capstan operation and the feeds and speed have to be 
adapted to suit the whole of the circumstances. The 
speeds and feeds for ^ inch chip (i.e. ^ inch reduction in 
diameter) may be used for shallower cuts; similarly any 
cut over inch deep may have the speeds and feeds 
given for the ^ inch chip. In the average workshop form 
tools are resorted to too easily. With a little thought 
(perhaps, if necessary, a small modification to the design 
of the components) it is usually possible to produce the 
desired shape by copying or generating. The first cost 
of the apparatus will be far greater than form tools, but 
afterwards maintenance \vill be much less and the results 
more accurate and uniform. The practice of generating 
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wth single-point tools should be wdely extended for 
castings and forgings. On bar work it is generally more 
convenient to use form tools. 

"V^Tien form tools are used the surface speed of the 
work at the commencement of the cut should never 
exceed the figures given in Table II. An exception may 
be made for parting tools under favourable conditions, 
particularly when they commence their cut on a surface 
free from scale, if a definite gain in time results thereby. 
Feeds for parting tools from inch rvide upwards 
may be as shovm for the corresponding form tools in 
Table XXVII. 


TABLE XXVII 
Feeds for Forming Tools 


Width of form — 







1 * .1 ' 

Y 

3 ■*" 

IK 

Y 

r 

Y 

r 

Feed per rev. — 







Steel -OOI 'oois 

•0025 

•0025 

'002 

•0015 

•0012 

•oor 

Brass ‘0015 '0025 

•003 

•003 

•0025 

•002 

•002 

•0015 

Width of form — 

I' 

2* 

3' 




Feed per rev. — 







Steel -ooi 

•OOI 

•OOI 





Brass *0012 -oor -ooi 


The above ma}^ usualty be taken as the maximum feeds 
for simple well supported work. Parting tools can be 
forced 50% more rapidl)^ but this shortens their life and 
leaves the parted faces rough. The shape formed and the 
position and diameter of the smallest neck affect the amount 
of feed which can be used. As a rough guide, if the smallest 
neck is near the collet the feed must be reduced by 25% 
if the diameter of the neck is half the width formed, 
and by 50% if tliis diameter is one-fourth of the width 
formed. Wide or intricate forming is generally done at 
slow speed to prevent chatter and to prolong the life of 
the tools, sometimes at half the normal speed or even 
much less. 
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These restrictions do not apply to parting tools, because 
the governing relation does not exist until their work is 
practically done. With hand feeding there is usually a 
more rapid feed at the start than when the neck is nearly 
to size. The same effect is partially obtained on cam 
operated feeds through the roller action over the peak 
of the cam as described on page 137. 

If special cams are used more can be made of this than 
is usually the case. On the other hand, since the edge 
which forms the neck has the most work to do and dulls 
first, it would be unwise to accelerate its failure by much 
forcing. 

TABLE XXVIII 

Data for Collet Chocks — ^Hand-operated 


Feed Bar to Stop — 

f in. dia. (and smaller) bars ... 2 sec. 

i|in. dia. „ . . . 3 „ 

2 in. dia. „ . . . 5 ,, 

3 in. dia. „ ... 20 „ 

4 in. dia. „ ... 30 „ 


Components whose length exceeds a few inches need 
more time. 

Inserting Fresh Bars — 

J in. dia. (and smaller) bars . . • i i min. 

i| in. dia. bars. . . . . . 2 ,, 

2 XU# ff • • • • • 

over 2 in# ,, . . . . . . 4 ,, 

These figures apply to average conditions with bars 
12 feet long. Some transport is generally necessary, the 
bars having to be carried a few yards. Often there is 
waste of time through having to carry the bars a long 
distance. An examination of the bar feed mechanism in 
many works will show that this is incomplete, parts having 
been mislaid, and bars are pulled or pushed through by 
hand. 

Holding Secojtd Operation Work in Collet. Allow 3 seconds 
for small, 5 for medium and 8 seconds for large com- 
ponents. The time depends on the weight and shape 
of the component and the amount of reaching over the 
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machine to insert it. Double the above times if the chucl 
\vill not automatically true the component, 

TABLE XXIX 

Data for Turret Lathe Manipulation 
Sliding and Indexing Turret — 


J in. machine 



. 2 sec. 

i^in. „ 



3 .. 

2 in. ,, 



• 5 .. 

3 ia. 



. 10 ,, 

4 in. 



■ 15 .. 


Double these times when the work is unusually long. 

A 2-inch machine means one which will take as i 
maximum a 2-inch diameter bar, or a chucking machuu 
of the same size. 

Tool Post Sliding — 

I sec. for small lever-actuated slides 
3 sec. for small screw-actuated slides 
5 sec. for medium screw-actuated slides 
10 sec. for large screw-actuated slides 

These are for simple straight sliding. If the saddle ha; 
also to be moved longitudinally allow extra time b} 
judgment. In intensive production longitudinal saddle 
movement is avoided as much as possible. Far too mud 
compound movement is tolerated in general work. 

Indexing Square Tool Post. Allow 5 seconds for small 
7 for medium, and 10 seconds for large machines. These 
times are extra to sliding. 

Changing Speed or Feed. Allow 3, 5 or 8 seconds 
according to the size of the machine. In a cycle the 
number of changes is never one. If there is a change oi 
feeds, for instance, it must be brought back to the original 
to start the next component. 

Screwing on Turret Lathes. For tapping refer to the 
data given in Chapter III. Screw cutting with chasei 
held in tool post is the same as already given for centre 
lathes. Chasing on brass lathes is also the same except 
that manipulating time is reduced to 3 seconds per pass. 

Screvmg with dies is of two kinds: with button dies 
and with self-opening die heads. 
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In eitlier case suitable screwing speeds 


are as follow 


TABLE XXX 


Data for Screwing with Dies 


Material 

Feet per Jlin. 
Screwing Speed 

Free cutting mild steel (over 8 T.P.I.) 

40 

Ordinary mild steel (8 T.P.I. and coarser) . 

20 

,, ,, (over 12 T.P.I.) .... 

30 

,, ,, (i2 T.P.I. and coarser) 

25 

Brass (over 8 T.P.I.) ...... 

150 

,, (8 T.P.I. and coarser) ..... 

100 

Tough steel, pipes ...... j 


Black bars ....... 5 

15 

Cast iron ........ 

25 


The above are maximum, speeds for favourable conditions. 


One pass suffices for excellent work when dies are in 
good order and threads are not coarser than 8 T.P.I. 
A good deal depends on the nature of the material, but it 
is generally best to assume two passes for less than 8 T.P.I. 
The length of the pass for a screw of length L inch full 
thread will be (L + inch. Although not quite correct 
for aU pitches, this will be foimd near enough for ordinary 
time calculations. 

The time per pass is evidently 


(L + i) X T.F.I. X 6o 
R.p.m. 


seconds. 


For self-opening dies the return is included in the sliding 
and indexing movement, but 2 seconds’ allowance for 
resetting the die head is necessary, unless that can be done 
during the progress of an earlier cut. 

Button dies have to take a forward and a reverse pass. 
Between the two there is a dwell for reversal. This 
reversal is made rivice per cycle, and 5 seconds per cycle 
is a reasonable time to allow. The time for the forward 
pass is the same as for self-opening dies. The reverse 
pass is usually made at a higher speed. Failing accurate 
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knovriedge of the conditions the reverse mav be assumed 
to take |- of the time of the screwing pass. 

Ganging is intermittent when dies are used. One in 
four is a reasonable average to gauge. 


Wlien several tools in a gronp cut simixltaneously the 
tool allowance may be expressed as a percentage of the 
actual cutting time of the group. A suitable amount is 
of the cutting time for each of the tools in action 
together, tools with comparatively light dun* being 
ignored. For instance, if the cutting time of a group of 
tools is 7 minutes, and there are 5 tools in the group of 
which one, being in action for only a small part of the 
time, can be ignored, the tool allowance will be 4x2^ 
= 10% = 070 minutes. 

This mie is satisfactor}' when speeds and feeds are such 
that each tool will stand about 20-3 hours actual cutting 
before requiring re-sharpening. 

Fatigue time is extra. It may be 7|-% of the FFT 
where there is plenty of opportunit].’ to rest during cutting 
— ^not less than 2 minute spells — and 10 ^ ^ otherwise. 
For ordinaiy* single tool turning 15*^0 of the FFT covers 
fatigue, minor constitnents and tool attention. Terj* 
intricate or fine work which needs continuous attention 
on the part of the turners should have a 25% allowance. 

The fatigue allowance for small capstan lathes which 
have no power feed should be isAo vvhen, as is usual in 
that case, all tool artention is given by a setter, and no 
tool allowance is required by the operator who can rest 
while the setter is at work. 

It should be understood that the percentage tool allow- 
ance for groups of tools applies to the whole cutting time. 
.A turret lathe may employ several groups of tools, each 
group cutting in its turn. The allowance, being based on 
the average group, naturally applies to all the groups. 
If the whole cutting time for an operation were 4 minutes 
and the cutting time of the average group were one 
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minute the allowance would be 0-4 minutes (not o-i 
minute) if 10% were the tool allowance. 

Setting up for an operation on a turret lathe may be 
rated at 20 minutes plus 4 minutes, 20 5, 30 + 5 or 

30 + 6 minutes, the first figure bemg for general prepa- 
ration and the second being multiplied by the number 
of tools to give the total tool setting time. The gradmg 
of machines is according to their accessibility and massive- 
ness. 

Thus a capstan which will take a 2-inch diameter bar 
as a maximum would be in the second grade. If 8 cutting 
tools were set up for an operation, the setting up time 
would be rated at (20 -f 8 x 5) minutes = 60 minutes. 
Naturally, such a rule can be only a rough guide. The 
kind of tool, the accuracy required and the shop facilities 
all have an effect on the setting up time. So do the 
previous set-up on the same machine and whether "set-up ” 
charts are made and referred to or not. A "set-up" 
chart of quite a rough character will save 20% of the 
above times when associated with a good tool ser\ace. 

Automatic turret machines require about 25% more 
than the above times when "set-up" charts are available, 
about 50% more when memory is depended on, and 
100% more for the first set-up. But each type of auto, 
has to be studied for accurate estimating ; some are ver}^ 
inaccessible ; in some camming is simple, in others changing 
cams provides work for several hours. Still, the rule will 
be foimd a useful guide for average cases. 

An automatic turning machine is only the ordinary 
turret or multi-cutting centre lathe provided vith cams 
to replace (partiall}^) the operator. It is important to 
keep autos, running mth as few stoppages as possible. 
If they stop frequently they will not be an economic 
success. For this reason cutting tools should have light 
dut}^ individually. But multi-cutting will raise operation 
eflhciency to a very high level when well arranged. 

For any particular job the range of available speeds 
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and feeds on an auto, is far more restricted than on a hand 
operated machine. The machine must be studied before 
an accurate estimate can be prepared, whereas general 
data will usually suffice for calculating fairly nearly what 
a hand operated machine will perform. 

The constituents for work on single spindle autos, are — • 
{a) Feeding to stop (including an allowance for inserting 
new bars) or chucking. Most of the work con- 
nected \vith inserting new bars can be done while 
the machine is running. 

{b) Indexing and sliding. 

(c) Cutting. 

Fatigue, tools, etc. 

The data given for turret lathes apply generally, but 
feeding to stop on autos, is done in about 50% of the 
time in Table XXVIII. Indexing and sliding occupies from 
I to 30 seconds, according to size and type of machine, 
for each face. When a face is slipped the sliding is 
eliminated on some machines; in others the full motion 
is gone through for every face, idle or not. Corss-slide 
tools work, as far as possible, simultaneously with turret 
tools. On some machines the standard rate of feed on 
the cross-slide is half that on the turret, and this must 
not be overlooked if the cross-slide facing is wider than 
half the length which is simultaneously turned. 

Cutting off must be the last movement in the case of 
bar work. Some of the parting can be during other cuts, 
as a rule, but how much depends on how heavy they are. 

The automatic feed imparted by rollers working on 
cams is often very much slowed down at the peak of the 
cams. This effect is inappreciable on most plate or edge 
cams and sometimes on drum cams. It depends on the 
slope of the cam. 

Fig. 21 indicates at A a roller being urged by a drum 
cam in direction E by the cam moving in the direction 
sho\vn by arrow F. At B the cam has moved through 
distance G and forced the roller the distance H. When, 
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as at C, the cam has moved another space equal to G 
the roller has been forced through I, which is less than H. 



The next position of 
the cam shov,n at D, 
v.here it has again 
moved through a dis- 
tance equal to G, has 
only moved the roller 
through J. After that 
further movement of 
the cam permits the 
roller to dv/eH 
Obviously the slow- 
ing dovm depends on 
the angle of the cam 
and the size of the 
roller. The effect is 
accentuated by the 
comer of the cam being 
radiused. Since there 
is often more cutting 
to be done at the end 
of the cutting stroke 
(on meeting a shoulder 
of extra material), orit 
is desirable to end mth 
a fine feed to obtain 
a good finish on a face, 
the retard is often 
necessary. But it 
exists, whether neces- 
saj^'^ or not, and must 
be allowed for. 

On automatic lathes 


the withdrawal of the tools from the work, the indexing 
(if any), and the approach lO the work are made at a 
fast rate. The slow feed begins from just before the cut 
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commences and lasts to the end of the cut. ^Vhen a hole 
is drilled or bored quite through a component the fast 
rate can be tripped in immediately the drill has cleared, 
before the peak of the cams is reached by the roller, if, 
and only if, any other tools which are engaged at the 
same time also have a clear over-run. In this way the 
time lost through the retard can be saved ; but this or 
equivalent opportunities seldom occur. 

The practical way of aIlo\vmg for the retard is to add to 
the nominal length of stroke required an amount deter- 
mined by a study of the machine. For small automatic 
chucking lathes J inch or ^ inch is often about right. That is, 
if the nominal stroke allowed to the turret while boring a hole 
li inches deep were if inches the time calculation should 
be based on 2J inches because of the retard. Evidently 
this method fails for very short cutting strokes because 
the retard has commenced before the stroke begins. 
For example, if a solitary tool were to face a shoulder, 
being required to cut actually through a distance of 
^ inch it might be set to commence the fine feed 
inch before beginning to cut; that is the cam has 
to advance it onl}'" ^ inch before the end of the stroke is 
attained. In that case about I inch addition to the 
nominal stroke would perhaps be right as the basis for 
the time calculation. However, the real rate of feed at 
that part of the cam might be only | of the nominal rate 
before the roller reached the peak ; hence, the tool being 
solitarj^, the nominal rate would be increased so as to 
bring the real rate right. ^^Tlen tliat is done the J inch 
allowance for retard is not required. Evidently a great 
deal of time can be wasted on automatics if the camming 
and setting up is not well done. Unless the man respon- 
sible in the shops is knovm to be a qualified geometrician 
he should always be given the assistance of a draughtsman 
for working out cams. Each class of machine requires 
special study, and deserves it. 

The constituents for multi-spindle autos, differ a little 



140 PLANNING, ESTIMATING, AND RATEFIXING 

from those for single spindle machines. In the case of 
chuck work the loading and unloading takes place at a 
special station during the cut by the tools at other 
stations. Constituents (b), (c) and {d) (page 136) remain. 
The FFT is the cutting time (which is that of the longest 
cut) plus indexing time. For bar work the constituents 
consist of (&), (c) and {d) plus the allowance for inserting 
fresh bars. 

When one man looks after several machines the ordinary 
fatigue and tool allowance needs supplementing; there 
will be times when two or more machines require his 
attention together. Further, automatics are usually set 
up by men of high skill and fed by others — ^youths, per- 
haps, During setting time the youth cannot produce on 
the stopped machine. The amount to allow for the 
stoppages depends very much on the length of the runs 
which the machines can make with unchanged set-ups. 
For moderately long runs where the machines are not 
forced a 10% contingency allowance besides the fatigue 
and tool allowance given on page 134 is reasonable. 
For average conditions, where quantities of a few hundreds 
at a time are dealt vdth, a 20% addition is likely to be 
required. 

Setters are paid in various ways, e.g. at day-rate plus 
a bonus on the number of parts done in their section or 
by piece-work based on the amount of setting they do. 
Probably the best way is to pay them according to the 
output they, with their helpers, obtain. 

If a setter can attend to 8 machines and the basic time 
for the components being made on them is a, h, c, etc., 

a b c 

his piece-work price can fairly be based on -, g, g, etc. 

He will need no special setting time, for the above include 
that. The contingency allowance therein may be 10% 
when the setter looks after 8 machines and 20% when he 
can only manage to maintain 4 machines. Similarly 
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with the helper who can feed 4 machines ; his piece-work 

allowance or price may be based on etc. 

4 4 

Thus for automatics there \vill be for a given operation; 

Cycle time = Floor to floor time -f bar feeding allowance. 

Operation time = Cycle time plus fatigue and tool allowance. 

Basic time = Operation time plus contingency allowance. 

Piece-work time ^ Basic time + 2^ o/„ (or p agreed.) 

No. of machines attended. 

Piece-work price — Piece-work time X basic rate. 

When a man (engaged with one component) simultane- 
ously works, say, three consecutive operations on three 
machines, and the operation times are unequal, his basic 
time for all three must be that of the slowest operation, 
for that determines his output. 

Occasionally it is desirable to make a diagram to analyse 
the possibilities of multi-machine working. Such a 
diagram is shoum in Fig. 22 for operations A, B and C. 
Commencing with A there is first of all the loading 
(including unloading) and other machine attention time 
(sho^vn hatched). The cutting time is shewm in black. 
Attention to B may commence 5 seconds or so (according 
to circumstances) after the cutting of A starts. 50 seconds 
later the operator is free to turn to C. This walk to C 
takes, say, 5 seconds. After doing what is necessary there 
he goes back to A. This is not an efficient arrangement as 
regards output per machine for there are long periods, 
shovn blank, during which the machines for B and C are 
doing nothing. 

Nevertheless it may be an economical way of doing the 
work. In 3 minutes one operator does what by single 
machine working would take 7I minutes. When overhead 
charges are reckoned as showm in Chapter XI, the real 
gain may be far less than appears from a consideration of 
the wages only — it may become negative and result in 
increased cost. The possible remedies are obvious. 
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Multi-machine working has for its opposite Group or 
Gang Working and Group Piece-Work Pay. In group 
piece-work a number of operators work at a process for 
which a price or time is fixed, and all share the gain in 
proportion to the time they work and their basic rates of 
pay. It is better avoided if possible. The individual 
incentive is lacking and experiments show that individual 
output may be increased from 15 to 20% by reverting 
from group to individual piece-work. It has the advantage 


I* — I — /z \*— /e i* /'/s — - 

h 4/2 >■ 

Fig. 23. Multi-spindle Auto. Component 

of simplifying book-keeping, fewer clerks are necessary 
where it is in vogue, and for some collective processes no 
other method is suitable: e.g. erecting structural work, 
nawying, and some kinds of line production. 

When sufficient data have been accumulated it is easy 
to make simplffications and generalizations which are 
suitable for rate fixers to use. Cutting time is easy to 
calculate. Loading time may quickly be estimated if it 
be not already kno\vn. There remain manipulating and 
the fatigue and other allowances. Provided the figures 
used have been prepared in accordance with the kno^vn 
data there is no harm in including the manipulating with 
the other allowances as a percentage of the cutting time. 
But the results \vill be %vide of the fair basic time unless 
the percentage is varied \vith each different class and size 
of component. It ^vill be found far better to make 
approximate estimates as sho%vn in the following examples. 

In Fig. 23 is depicted a component which it is required 
to machine on a 4 spindle bar auto. The material is 
tough steel. To find the FFT it is not necessarj' to go 
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into great detail. The job is a simple one which any 
4 spindle auto, which will take a | inch diameter bar can 
easily do. 

The FFT will be the time of the longest cut -f- indexing 
time. 

Which will be the longest cut ? 

From Table XXVI the suitable speed will be about 270 
r.p.m. for turning the ^ inch diameter and for forming. 

The nominal length of inches requires f inch adding 
for starting the cutting feed before the tool reaches the 
bar and for the retard at the peak of the cam. If one 
were sure of the details of the machine it might be possible 
to reduce this ^ inch to ^ inch. On the other hand it 
might have to be increased. However, with the *006 inch 
feed given in Table XXVI the time for the cut wiU be 
I ^ X 166 

— minutes = i-o8 minutes (nearly). 

270 

The forming cut has a nominal depth of 

- — ~ ^ inch. 

Now a forming tool always has a fine feed. It is most 
necessary to set it so as to economize its movement as 
much as possible. ^2- inch is a safe distance from the bar 
on a machine of this class for the fine feed to commence. 
At the end of the cut there will be a slight dwell to release 
the spring of the machine. ^ inch added to the fg- inch 
nominal depth will therefore be about right. The total 
width of the forming cut is 2 inches. By Table XXVII 
the normal feed for a tool 2 inches wide is o-ooi inch; but 
since the diameter ^ inch is only I of this wdth the real 
feed must be only 0*0005 inch (page 131). 


The time will be 


X 2000 
270 


1-85 minutes. 


The indexing time for the machine is 5 seconds. 
Hence the FFT = 1*94 minutes. 
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The component is rather long — new bars ^vill often 
have to be fed, but most of the work can be done while 
the machine is running, hence the true cycle time coxild 
be safely fixed at 2 minutes. Four tools rank for tool 
allowance (2 turning, i forming, i parting) making it 10%. 
Fatigue also equals 10%. Quantities being not large a 



supplementarj^ or contingency allowance of 20% is ako 
required. Then, if a man feeds 4 machines his basic time 
■wdii be 


2 4- 40% of 2 
4 


minutes = 0-7 minutes. 


And his piece bonus time to enable him to earn time and 
a quarter ^vill be 0*88 minute. 

The component shoAvn in Fig. 24 is to be machined in a 
powerful capstan lathe. Mild steel drop forgings are sup- 
plied in batches of 500. A rough estimate of the capstan 
time is required. 

For the first operation chuck b}' the largest boss, 
because that is to be left rough j’^et correctl}'’ placed in 
relation to the machined surfaces. 

If the large end were machined first a jaw chuck 
would have to be used for the second operation. A collet 
chuck is quicker, so the stem should be turned first. 
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isl Operation — 

Load, etc. (jaw chuck) 

Rough and finish turn i in. diameter 
2^ y. So 'A 60 


340 


X 2 


Rough and finish face shoulder and end (before 

. .fx8ox6oX2 

finish turning) 


Screw in. along 


220 

if X 16 X 60 
100 


/'Turret 4 X 3 = 12 

iGauge = 5 


40 


30 sea 


O4 


27 sec. 

13 

40 .. 

174 sec. 


2nd Operation — 

Load, etc. (collet chuck) . 
Centre to start drill time 

Rough iaco end * - - go^ ■ ^° . 

Drill if in, deep and ? X 
' in. dia. ) 


80 X 60 


rough turn if 
Finish turn if in, dia. 

Finish face end 


220 
I X 80 X 60 
220 


Groove 33 

in. deep ) 

220 


' Turret 

4x3 = 12 . 

Handling- 

Tool post 

2x3= 6 . 


. Gauge 

= 4 



22 


5 sec, 

10 „ 

11 „ 
38 „ 
22 ,, 

25 » 

22 ,. 
133 sec. 


Total capstan time 


174 

307 


For practical purposes both operations consist of single 
tool turning, hence 15% will cover fatigue and tools. 
This brings the basic time to 353 seconds or 5-9 minutes. 
This speed could be maintained onl}’’ in intensive!}’’ tvorked 
shops. The average works would require 7 minutes. 
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A few comments on the second operation are desirable : 
the finish turning is done separately to prevent irregu- 
larities which other cuts might cause if taken simultane- 
ously. Drilling and rough turning may proceed together 
if the machine is powerful enough. It is in tins case known 
to be, and the chosen speeds and feeds are what the 
machine will give. About 2-| h.p. is necessar}^ and the 
machine is driven from a 12 inch pulley, running at 
200 r.p.m. wdth a belt 4 inches wide. Hence the available 

power is x 4 = 2*7 h.p. The tools should be 

arranged in the front and rear posts so that the saddle 
is not moved along the bed. Once the saddle is shifted 
conditions approaching centre lathe turning are approached, 
more skill is needed and the time is increased. 


As already stated, accurate time estimates for auto- 
matic turning cannot be made wuthout exact knowledge 
of the macliines to be used. Nevertheless it is not difficult 
to form a fair idea without going into great detail. As an 
example the brass pin in Fig. 25 is to be turned on an 
automatic machine from ^ inch diameter bar. The 


machine has (one must 
assume some knowiedge Is 
of it) a slide for turning 
or drilling, a forming 
slide, and a parting off 
riide, the two latter being 
combined so that the)’' 
cannot be used together. 
What is the probable fic 
feeding etc. ? 



Fig. 25. Turning a Brass 
Component. Single-spindle 
Auto. W'ork 


•-to-floor time, neglecting bar 


Table XXVI show's 2500 r.p.m. and 0-0055 inch feed for 
a brass bar of this size, but it might be better wdth suitable 
quality bar, to run at a higher speed and a finer feed to 
get a good finish with one cut. There is no nice forming 


or intricate W'ork, so that would be quite practical. How- 
ever, let 2500 r.p.m. and 0*0055 inch feed be decided on. 
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With work of this kind allowance for clearances, excess 
material, and so on can be made very small — bars are 
sure to be close to size and parting off precise. The 
nominal ^ inch length need have only 3V inch added for 
the approach. 

A. Feed and return slides = 0*5 sec. 


B. Turn X 


10000 X 60 
2500 X 55 


= 2-3 „ 


C. Form neck to in. dia. ready for parting off, 
chamfer back edge 

I X 400 X 60 


D. Part off 


2500 


0-0 „ 

1-2 „ 


Total 


= 4-0 sec. 


C takes place during B and leaves a ^ inch neck at back 
but the parting tool at D has to travel just past the 
centre to remove the pip — ^it is also slightly inclined, of 
course, at the edge, hence ^ inch instead of inch travel 
for that tool. Actually bar feeding can take place during 
A. The next example, Fig. 26, is to be made from inch 
diameter bar on a single spindle auto, provided with a 
six-face turret and rear and front cross slides. The mate- 
rial is mUd steel. 


A. Feed 

B. Turn 


H X 333 X 60 


2200 

C. Form head to 3”^ in. dia. 

D. Centre end 


J X 500 X 60 


2200 


E. Drill 


3^ X 1000 X 60 


2200 X 15 

X 600 X 60 
2200 

G. Index, etc, (4 faces) 


F. Part off ^ 


= 0'5 sec. 
== 6-25 „ 

= 17 .. 
= 0-0 „ 

= 0-29 „ 

= 0-86 „ 
= 2-00 „ 


Total = 1 1 -60 sec. 


A study of the machine might, of course, show this to 
require slightly modifying. In practice the calculation 
would have to be based on the cam cycle. It will be 
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noted that D is to take place during C. The times for 
A and C are assumptions which would not be very wde 
of the mark, probablj^ for most machines. 

Cemented timgsten carbide tools are of little advantage 
on lathe work when all the power available can be used 
by high speed tool steel. One useful application has 
been noted on page 125. On some bronzes and cast iron 
work the carbide tools are undoubtedly excellent. There 



Fig, 26. Turning a Steel Component. Single-spindle 
Auto. Work 


are many recent developments, and satisfactory^ tools for 
steel turning viU probably soon be available. Something 
approaching the cost of high speed tool steel and as easily 
worked is desirable. Most of the new alloys or composi- 
tions are very expensive, difficult to work, and brittle. 
Yet it pays to use them in certain circumstances. In 
Chapter XI a hint is given on the method of ascertaining 
their economic worth. Tungsten carbide tools vill cut 
cast iron well at from 150 to 250 feet per minute, the 
higher figure being for soft annealed castings vith no 
hard edges. With a depth of inch and a feed of 0*025 
inch per revolution, or a deeper cut and a finer feed, 
cutters vdll stand up a day or more without resharpening. 

Using the same area of cut, the results are about the 
same witli phosphor bronze at 600 feet and brass at 1000 
feet per minute. When the cut is intermittent, a fine feed 
of about o*oo6 or o*ooS inch should not be exceeded. 
Then the tips will have a long life if carefully^ used. 

In spite of their less acute cutting angles they' do not 
appear to absorb more power to remove a given quantity 
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of material. High speeds and very light cuts enable 
production to be rapid without straining the work and 
without heating it very much. There seems to be a 
possibility that if a cutting substance and machines could 
be provided for far higher speeds than are now dreamt of 
the power consumption might be actually decreased as 
compared with present experience. 

Should such a substance be found, it is to be hoped 
that the resharpening of tools made of it will not be too 
difficult. One of the practical obstacles to the wider use of 
cemented carbide is that the ordinary operator or setter 
cannot grind it himself. It has to be specially done. This 
causes both delay and expensive duplication of tools. 



CHAPTER \U 


GRINDING 


For the processes considered in pre\dous chapters 
imaginar}' amounts were added to the real lengths (or 
breadths) of the components to make allowances for 
irregularities and trial cuts. In this chapter, devoted to 
grinding, imaginar}’’ alterations to sizes will also be made, 
but in a difierent wa3\ This method of accounting for 
var\dng degrees of accurac}- is, possiblj*, novel. It is 
certainly trustworthj’ ; and it appears to be logical 
because the aiming at greater accuracj^ provokes ehort 
which is closel}* akin to taking extra cuts in order to 
remove more metal. 

For external grinding where D is the diameter of the 
work in inches, the 


R.p.m. of the work should be 


i6o 


This corresponds to a surface speed of nearlj- 42 feet per 
minute, ^’ITien the diameter is less than f inch it is 
admsable to make sure that the machine will give approxi- 
matel}’’ the ideal speed before basing calculations upon it. 
Of course work speeds other than those given bj' the 
formula ma}* be successfuUj’ used, but thej’^ in conjunction 
\vith the following data are as efficient as any. Sound 
admee on the selection of wheels may readilj* be obtained 
from wheel makers. For machines engaged on miscel- 
laneous work general purpose wheels have mainl}’^ to be 
used and this will often prevent the highest efficiency from 
being obtained. The wheel width (which varies roughly 
vdth the power of the machine) pla3=s a great part in 
cutting times. Its inclusion in the formula which follow, 
and the adjustments which have to be made on account 
of the ^'a^3dng lengths of the stroke or pass to suit 
different components, make these formula appear to 
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be more complicated than those used in earher chapters. 
The complications disappear when any particular case is 
considered, as wih be seen from the examples. 

By the Stroke or Pass is meant the longitudinal travel 
of the wheel in relation to the work between each reversal 
of motion. The pass in Fig. 27 measures P, as there indi- 
cated. The feed per pass depends largely on the stiffness 
of the work. Fig. 18 indicates weak and stiff shafts and 
Table XXXI gives the suitable feeds per pass. There is 
an important feature about these figures which must be 
emphasized: they are measured by the reduction in the 
diameter, not the radius. 

TABLE XXXI 

Grinding Feed per Pass (Diametrical Reduction) 

Rough grinding — ^very stiff components . . 0-003 

Ordinary grinding — stiff components . . . 0-002 „ 

„ „ — medium components , • 0-0015 ». 

„ „ — weak components, , . o-ooi „ 

„ „ — very weak components . . 0-0005 » 

(The basis in Fig. i8 is that a stiff shaft will stand a 
pass 3 inches long per revolution with 0-002 inch feed.) 

When L = length to be ground and W = width of 
wheel, the length of one pass = L - W -j- i inch if 
there is a clear overrun at both ends. Many machines 
do not permit efficient short passes and when L is less 
than 2W but greater than W the grinding time will 
generally be the same as if L = 2W. 

The traverse (or amount of pass) per revolution of the 
work equals (on the average and for time calculations) — 

for work below f inch diameter, 

„ between inch and f inch diameter. 

|W „ inch diameter and over. 

Number of passes per '"minute X length of one pass 

= Total travel per minute. 

= R.p.m. X W X f (or or ^ as explained above). 
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Since the length of one pass = L - W + i 

,, , , . , R.p.m, X Wxf (orior A 

Nnmber of passes per minute = — = = — ^ . 

h W “h I 

(But not more than 6o unless the machine is known to 
be capable of more.) 

The r.p.m. in the above formula refers to the work 
speed. 

Actual cutting or grinding time 

_ Grinding allowance + C 

No. of passes per min. x feed per pass. 

C = Compensation allowance. This is an imaginary 
addition to the grinding allowance to compensate for 
inequalities, for the extra passes necessary for grinding 
within fine limits, and any extra difficulty. 

These additions may be as follows — 

TABLE XXXII 

COMPENSATIOK ALLOWANCES FOR SHAFT GRINDING 

Allowances 

Tolerance exceeding Newall X . . 0-004 

„ equals Newall X or Y . , 0-007 „ 

„ „ Z . . . 0-010 

„ less than Newall Z . . . 0-015 i. 

Grinding taper to fine limits . . . 0-020 ,, 

Grinding up to a shoulder, or shoulders . 0-006 „ 

Rough forged or black shafts . . . 0-030 „ 

(or as judged). 

The two last mentioned are extra to any other com- 
pensation. The last provides for the irregularities due to 
forgings being not quite straight or round. When grinding 
up to a shoulder extra passes are usually necessary to 
obtain parallelism. For grinding between two shoulders 
the length of pass is L - W. If there is only one shoulder 
allow L - W -f ^ inch. When the length of the pass is 
less than i inch it is generally well to assume hand 
actuation at the rate of 60 passes per minute or the number 
of revolutions per minute, whichever is less. 

The grinding allowance is the nominal amount to be 
removed from the diameter of the shaft to reduce it to the 
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desired size from that at which it was left by the pre- 
paratory operation. Suitable grinding allowances are 
given in Table XXXIII, but o-oio, 0-015 0-020 inch 

are often standardized. 


TABLE XXXIII 

Grinding Allowances for Shafts 


Dia. 

Length 

Limits 

for 

Turning 

± 

0-6 in. 

6J-12 in. 

12J— 24 in.| 

1 

241-36 in- 

36J-48 in. 

i 

-008 

•OIO 

■■ 



-0015 

I 

‘OIO 

•012 




•002 


OT2 

•012 

mm 

0 

0 


*002 



0-12 in. 





2 


-015 

•020 

-025 


•0025 

3 


•017 

•020 

•025 

•025 

-003 

4 


•020 

-025 

•025 

1 -025 

•003 

6 


•022 

-025 

-025 

-030 

•004 

8 


-025 

-030 

-030 

-030 

•004 

10 


-030 

-030 

•030 

-030 

-005 

12 


•030 

-030 

-030 

-030 

-005 


The rate of grinding is slowed down with short passes. 
At the end of each pass there is a slight dwell before the 
reversal takes place and the amount of feed is often 
restricted by the mechanism. 

In the limiting case of plunge grinding L is nearly equal 
to W and the passes are small oscillations to prevent 
ridging the finished surface. On modem machines built 
for plunge grinding the rate of feed may be as in Table 
XXXIV. 

Loading and unloading times may be as given for centre 
lathe work. A few seconds less ma}'^ sometimes be given 
because the hold or grip for grinding does not require 
such heavy action. 

Gauging also is slightly quicker, or requires less repeti- 
tion, the grinding machine being better adapted for 
precision work than the lathe. WTien an automatic gauge 
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TABLE XXXIV 
Feeds for Plunge Grinding 
Diametrical Reduction per Revolution of Work 



in. Wide 

2 in. Wide 

3 in. Wide 

1 

Very stiff components 

0-0025 

0-0015 

0-001 

Stiff components 

0-0015 

0-001 

0-0006 

Medium components . 

0-001 

0-0006 

0*0004 

Weak components 

0-0005 

0*0003 

0*0002 


is used 5 seconds will not be exceeded for fine limits and 
2 seconds is plenty for ordinary work. 

Wheel dressing time is generally covered by 10% of the 
cutting time. Winding the wheel across to make contact 
with the work and back agam takes 5 seconds, on the 
average, for each shoulder. For simple work it may 
usually be reckoned that this manipulation is included 
in the compensation or other allowances. Special move- 
ments must be judged by their extent and complexity. 

Preparation and setting times may be the same as for 
lathes, say 20 minutes for the two combined for small 
and medium size machines, with another 10 or 15 minutes 
if the wheel has to be changed. The reclamping of the 
tad-stock in a new position to suit a longer or shorter 
shaft generally makes machine adjustments necessary 
and trial cuts to get parallel grinding. Taper grinding is 
much worse : to set for tapers to fine limits allow at least 
another 10 minutes. 

Five minutes is usually sufficient for fixing a steady 
unless it be of the three-jaw type as used on lathes. 
Adjustments are made as the grinding proceeds (except 
with the three-jaw type) without appreciable delay. For 
grinding a neck true to take a three-jaw steady rest in 
the centre of a shaft allow, on the average, \ minute. 

Provided suitable wheels are used the data already 
given may be used for all kinds of materials. As in other 
machines, horse power determines to a large extent the 
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rate at which material can be removed. The power 
required to remove i cubic inch per minute is about the 
same as for milling. Fatigue allowance should include 
something for contingencies: fine limits are the rule, 
wheels do not always behave properly, and, on the whole, 
15% is a fair average, although the work is not heavy. 
20% is better if minor constituents are omitted. 

The first example (Fig. 27) is a simple one with a clear 
overrun at both ends: a roUer 7 inches diameter with a 
face 3 inches wide is to be ground within limits of ± 0-005 
inch, the rough turned size being 7-010 inches. For 
grinding it is mounted on a stiff mandrel. The width of 
the wheel is 2 inches so plunge grinding, which would 
be slightly quicker, is impossible under the conditions, 

R.p.m. = = 23 (practically). 

L lies between W and 2W, so the time should be based on 
L being 2W or 4 inches. Hence 

Length of pass = 4- 2-f-i=3 inches. 

(If the length of pass used by the operator is shorter than 
this he may have to use a finer feed than will here be 
assumed.) 

Feed per pass = 0-002 inches. 

23 X 2 X § 92 

No. of passes per mmute = = ^ 


Grinding allowance = o-oio in. 

Compensation allowance = 0-004 >• (because of coarse limits) * 
Total = 0-014 in. 


Cutting time 


Wheel dressing 
Gauging 
Load, etc. 


0-014 X 9 
~ 92 X 0-002 
= 0-7 min. (practically) 
= 0-07 min. 

= o-i 

= 0-5 


FFT 


= i>37 mm. 
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Possibly the cutting time would, in practice, differ a 
trifle from 07 minutes because the hypothetical r.p.m. 
and number of passes per minute could not be got exactly. 
But grinders engaged in miscellaneous production would 
be horrified at the idea of working at near this rate, and 
justly, for not without prolonged repetition could it be 
attained. For miscellaneous small lot production add 
50% to the above FFT. The same will apply to the 
remaining grinding examples. 



Fig. 28. Grinding a Shouldered Shaft 


The shaft in Fig. 28 is to be ground, the amount left by 
turning being as shown in Table XXXIII. 

Wheel width = 2 in. Consider the larger diameter first. 

■r, 160 „ 

R.p.m. = = 80. 


Length of pass =8-2+i = 7 inches. 

Feed per pass = o-ooi in. (because the shaft is weak). 

, . 80 X 2 X I 

No. of pass per min. = 

320 


Grinding allowance = o-oi5 in. 
Compensation allowance = o-oio „ 


Cutting time 

Wheel dressing 

Gauging 

Load 


_ 0-025 X 21 
320 X -ooi 
= 1-64 min. 

= o-i6 

= 0-25 min. (less if a sizing appliance is used) 
= 0-5 „ 


FFT 


= 2-55 min. 
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For the J in. dia., 
R.p.m. 


160 

T 


= 214 

= 2|- 2 4- i 
= o-ooi in. 


Length of pass 

Feed per pass 

-T , . 214 X 2 X i 

Jno. 01 passes per min. = — ■ — — ^ = 190 

190 is not practicable. Therefore assume 60 (page 153) 


Grinding allowance 
Compensation 


= 0-012 in. 

= 0-021 in. (Table XXXII) 


Total = 0-033 ill- 


Cutting time 


0-033 


60 X 0-001 
= 0-55 min. 


The next example (Fig. 29) is a slender forging to be 
ground on the | inch diameter from the black wth a 
wheel 4 inches "wide. With a central steady the shaft 
will be of medium stiffness (Fig. 18). 

R.p.m. 

Feed per pass 

Length of pass 

No. of passes per min. 

Grinding allowance 

Compensation allowance 

Total = 0-96 in. 


160 


= -:r- = iSo (approx.) 
it 

= 0-0015 in- (Table XXXI) 

= 18 - 4 = 14 in. (no overrun) 
180 X 4 X i 


14 


iSo 


0-062 in. 

0-034 in- (Table XXXII) 


Cutting time 

Wheel dressing 

Gauging 

Load 

Grind for steady 


_ 0-96 X 7 

“ iSo X -0015 
= 2-5 min. 

= 0-25 

= o (while grinding 

= 0-5 
= 0-5 


FFT = 3-75 min. 
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The calculations for plunge grinding are made like the 
preceding, the only difference being that the cutting time 

_ Grinding allowance -f- compensation. 

R.p.m. X feed per revolution. 

Thus the cutting time for grinding a inch (Newall) 
Z diameter 2 inches ^vide on a stiff shaft, would be 


•012 -f o-oio 
128 X o-ooi 


o-i8 minute. 


Internal Grinding. 

Average feed (diametrical reduction) — 

= o-oooi inch for holes below i inch diameter. 
= 0-00015 iiich „ i inch to ij inch dia. 

= 0-0002 inch „ over inch dia. 


TABLE XXXV 

Grinding Allowance for Holes 



TABLE XXXVI 

COMFENSATION ALLOWANCES FOR HoLES 

Allowances 


UTien tolerance equals Newall B or over . . . 0-004 

\Mien tolerance equals Newall A . .... 0-007 

Wlien tolerance is finer than A . . . . . 0-010 „ 

Blind or shouldered holes ...... 0-005 .. 

Taper holes ........ 0-020 
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The loading constituent is about the same as for lathe 
work, or a trifle less as previously mentioned. Gauging is 
commonly as for lathes, too, but some regard must be 
paid to the amount of repetition. This applies to all 
gauging. 

The work speed may be higher for internal than for 
external grinding. When D is the diameter of the hole 


R.p.m. = 


240 

"d" 


If L is the length of the hole the length of one pass = L 
- W + I inch, but not less than i inch, except for hand 
traverse. 

The traverse (or length of pass) per revolution of the 
work = -I W on some and | W on the best machines. 

Small wheels are usually " square,” i.e. W = D (approx.). 
This ratio holds roughly up to inch diameter wheels. 
Above that the width must be ascertained in any particular 
case. 

Number of passes per minute 

_ R.p.m. X W X I (or ^ as the case may be) 
_____ 

but not more than 60 on old-fashioned machines. 

Modem machines are equal to anything likely to he 
desired. 

For hand traverse of short passes 60 per minute is a 
safe allowance. 

Wheel dressing absorbs about 10% of the cutting time 
for all except a few of the later machines on which wheel 
dressing is automatic. Small wheels have a short life 
and 5% of the cutting time must be allowed for wheel 
changing when grinding wheels of less than i inch diameter 
are used. This applies to all types of machines. It will 
be noted that modem machines are much more rapid 
than those of a few years ago; they travel faster and 
economize in wheel attention. Gauging and handling are 
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easier, too, but the gain in these is sufficiently covered by 
the reduced amount per component for the fatigue allow- 
ance. 

The manner of calculating internal grinding time is the 
same as already explained for external work. If desired 
the various steps may be combined into one and the 
time obtained by substitution in one expression. 

As before, the Grinding Time 

_ Grinding allowance -}- compensation. 

Number of passes per min. x feed per pass. 

_ (Grinding allowance -J- compensation) (L- W-b h). 

R.p.m. X W X I X feed per pass. 

_ (Grinding allowance -f- compensation) (L-W -j-i)D 
iSo W X feed per pass. 

This is for modern machines. Old type machines are 
slower and 180 W should be replaced by 120 W. Varia- 
tions in the speed and feed combinations should not 
affect the times very much. Unless they yield better 
than the formulre indicate they should be adjusted, or 
better wheels obtained. 

The time for grinding a hole ± -0005 diameter, 
2 inches long, vdth o-oio inch to remove, will be 

(•010 -f -007) (2 - ib -f i) minute. 
iSo X ib X -00015 
= 47 seconds on a modem machine. 

It will be noted that the length W of the wheel is assumed 
to be ib inches and the diameter also, although for a 
inch diameter hole. For larger holes these relations 
do not hold, and must be judged. 

Centreless grinding is rather special, but the following 
simple particulars ma}* as well be given. 

The two principal varieties are Straight-through and 
Plunge. 


164 PLANNING, ESTOIATING, AND RATEFIXING 


As a rule not more than o-oio inch reduction in diameter 
should be made at each pass in straight through rough 
grinding ; from 0-005 inch to 0-007 inch is more common 
and should not be exceeded if onl}?- two passes are to be 
made. For the semi-finishing pass 0-003 to 0-005 inch 
reduction is a fair amount. The finishing pass should be 
0-002 inch or less for the best work. Long bars are often 
finished with 0-003 inch reduction. 

^^dlen the amount to remove is o-oio inch three passes. 
0-005 inch, 0-003 inch, and 0-002 inch are usual and 
satisfactory. If the tolerance on the diameter is fine, 
say less than 0-00075 inch, one extra pass is usually 
necessary’-. By this is meant that b}’ exercising great care, 
keeping machine and wheel in first rate order, it will 
sometimes be possible to avoid the extra pass. It will 
be un'wise to reckon on that as a certaint}’. Similarly, if 
the tolerance is 0-0002 inch, or less, two extra passes will 
usuallj’- be necessary. 

The rate at w'hich the pass is made is affected b}’ the 
class of finis h desired. For -work of the best quality the 
time in minutes for passing through 100 pieces of length L 
and diameter D = L x D x 2. 

This is for grinding only and an addition must be made 
for wheel dressing, adjustments, fatigue, collecting the 
•work, and placing it in readiness. 

The basic time in minutes for 100 pieces may be taken as 

(L X D X 2-7) -f- ^ -f 2 for each pass. 

For wmrk of good commercial quality the basic time 
may similarly be reckoned as 

L 

(L X D X 1-7) T w -r 2 mms. 

D 

^Vhere quantities are small, the range in diameter 
considerable, and materials vary between soft and hard, 
a general purpose grinding wheel will be used (since 
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frequent wheel changing would be too expensive), and 
the basic time for 100 pieces should be close to 
(L X D X 2*5) + 2 minutes. 

In practice passes with the heavier cuts are about 15% 
slower than the mean figures given by the formulae, and 
the finishing cuts are faster to balance. 

The following examples will make clear the use of the 
formulae — 

Steel rods 10 feet long, ^ inch diameter, are to be 

ground on a centreless grinder within limits — — 
0*015 inch to remove. ~ 

Three passes of o*oo8, 0-005 0-002 inch respectively 

will suffice. (It could be done in two passes, but in the 
long run there would be no time saved.) 

The basic time per pass will average 

(120 xi X i-y) + 2 = 124 mmutes for 100 rods 

and the 3 passes will take 372 minutes, including all 
allowances. 

Steel tubes 2 inches diameter, tolerance 0-003 inch; 
24 inches long; 0-015 inch to remove. General purpose 
machine. 

Three passes will be required each averaging 
(24 X 2 X 2-5) + 2 = 122 minutes for 100 components. 
But on a machine reserved for the job and well set up the 
time would be only 

(24 X 2 X 1 * 7 ) + ^ + 2 

= go minutes for each pass for 100 components. 

The formula for the basic time for Centreless Plunge 
Grinding is very easy to remember: the time in mmutes 
for plunge grinding 100 components — 

= 5 + (grinding allowance compensation) X 2000 D. 
Increase this time by 50% when the length ground is 
6 inches and by 100% when 9 inches long for limits under 
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o-ooi inch. This is on account of the difficulty in wheel 
dressing. Slides wear. 

Compensation = o-oio if tolerance is o*oo2 in. or over. 

= 0*015 » 0*001 in. to 0*0019. 

== 0*025 >. „ under 0*001 in. 

For the best work two plunges will be necessary unless 
the grinding allowance does not exceed o*oo6 inch. Each 
plunge will require the basic time given by the formula. 

Observation will show that the actual grinding takes 
only about half the basic time. 

Surface Grinding. The loading and unloading time 
amounts to about 4 seconds for each small article of a 
few square inches area, 6 seconds for pieces easy to handle 
and not over 20 square inches area, 10 seconds for larger 
pieces which yet are easily handled. By the area is meant 
the area of the largest face. The times are for steel or 
iron articles ground on a magnetic chuck. Heavy pieces 
will need loading times according to the shop facilities; 
when fixtures are used times depend on the holding 
devices. For cup wheel machines the depth of cut or 
feed per pass or revolution may be — 

0*003 iiich for roughing unless the surface is large and 
unbroken. 

0*002 inch for general purposes. 

0*001 inch for the last few passes for finishing. 

0*0005 inch for finishing very fine work. 

On circular table machines the mean peripheral speed 
may be 50 feet per minute if the surface to be ground is 
well broken up by intervening spaces. If it is nearly 
continuous 35 feet per minute wiU be high enough. 
Machines with reciprocating tables usually work more 
slowly, often at about half the above speeds. Moreover 
the wheel overruns the work at each end of the stroke 
as in face milling. For this overrun allow an amount D 
or the diameter of the cup wheel. D is somewhat excessive 
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in inches but not in time allowance, o^^nng to the retard 
at reversals. Rotary machines avoid this overrun. 

Surface grinding cutting time may be calculated by 
dividing the depth removed per minute into the total 
allowance. This equals the grinding allowance plus com- 
pensation suited to the condition. 

The compensation allowance may be — 

0*010 for 0*002 inch tolerance and over ; 

0*025 ior 0*001 to 0*0019 tolerance ; 

0*040 for under 0*001 inch tolerance. 

It is almost impossible to work \vithin 0*001 inch on 
cupwheel machines and often difficult to get within 
0*002 inch of flatness. 

For each table load allow a 60 seconds constant for 
manipulation. Gauging time averages 30 seconds for each 
table load. 

Thus the various constituents are, for one table load 
Loading time = N x 4 or 6 etc. where N is the number 

of components in one load. 

Cutting grinding allow, -f- compensation allow. 60 
■time feed per minute ^ secs. 

Manipulation = 60 seconds. 

Gauging = 30 seconds (average). 

^Vheel dressing = 10% of grinding time. 

Fatigue, etc. = 15% of the sum of all the above con- 
stituents. 

The number of components for a table load can best 
be determined by trial on the machine or on tracing paper. 
\\ffien that has been settled the time per table load and 
thence per component follows easily. 

Example. Articles to be groimd on a reciprocating 
machine which will hold 9 of them on its magnetic table 
require inch, removing from one side. Tolerance 
0*003 inch. Diameter of wheel 14 inches. What would 
be a fair FFT if the length of chuck occupied by the 
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9 components equals 22 inches? Maximum traverse 
speed of machine is 15 feet per minute. 

Loading time =9x4 seconds for the table load = 36 secs. 

^ , . 0.031 + 0.010 

Grmdmg time = - — : — — x 60 seconds. 

feed per mmute 


The feed per minute = feed per pass x number of 
passes per minute. Since the length of one pass is (22 + 14) 
inches and the rate is 15 feet the number of passes per 

15 X 12 _ 

— 5 * 


minute = 


36 


Hence feed per minute = 5 X 0-002 inch = o-oio inch 

and grinding time = ^ = 246 seconds. 

•010 


Manipulation = 60 seconds. 

Gauging == 30 „ 

Wheel dressing = 24 „ 

Total = 396 seconds for 9 components. 

= 44 seconds each. 

The amount to remove from a quantity of components 
is o-oio inch. 30 will lie on the rotary table of a surface 
grinding machine. Tolerance 0-002 inch. What is a fair 
basic time ? 

Suppose it is found that when the 30 components are 
packed they lie between concentric circles of 40 and 24 
inches diameter. The mean diameter on which to base the 
perpheral speed is then 32 inches. Some judgment must 
be used about this : if the greater part of the surface lies 
towards the outer circle a lower speed should be chosen. 
The nearest available speeds being 5 and 7 r.p.m. the 
lower would be taken for an estimate and an attempt 
should be made at the higher speed in the shops unless 
similar experiments had already proved that increased 
wheel wear or burning of the work would certainly be the 
result. A great deal depends on the position of the large 
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part of tlie surface in relation to the axis of rotation, as 
already stated, and selecting the right grade of grinding 
wheel. 

The compensation plus grinding allowance = 0-020 inch. 
A feed of 0*002 inch per revolution vdll thus require 
10 revolutions to be made and the remainder of the time 
calculation is as before. 


Load 30 components at 6 secs, each = 180 sec. 
Grinding time = X 60 = 120 „ 

Manipulation = 60 „ 


Gauging 


30 , 


Wlieel dressing 


12 




402 sec. 

15% Fatigue, etc. 60 „ 

462 sec. 

Basic time = 15*4 seconds each. 

It \\ill be noted that the grinding time is so small 
compared vitli the FFT that it is not worth while forcing 
the cut if it is in the least detrimental to wheel or work. 
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SHEET METAL PRESS WORK 

There are many changeable factors in press work: a 
superficial comparison of seemingly equivalent operations 
is often misleading. The primary constituent is handling, 
and the rate of the press is secondary except when the 
process is entirely automatic. 

For small components the first operation is usually 
blanking from strip. Later operations and large blanks 
are commonly dealt mth by separate hand feeding into 
the dies. Suitable lengths of strips range from 4 to 6 
feet. Long rolls of strip are more adapted to automatic 
or roll feed. As a rule the longest dimension of the 
blank should lie across the strip since material is thereby 
economized. For example, a blank measuring 3 inches 
by I inch may require a strip 3^ inches wide or inches 
wide according to how it is placed in the strip. If there is 
also a space of ^ inch between successive blanks the 
area of material used per blank by one method viU be 
3i ^ square inches, and by the other x 3^g- square 
inches, a difierence of nearly 4%. But this is not all: 
the shorter the blank lengthways in the strip the less the 
waste at the ends (as a rule) ; with the narrow strips more 
strips have to be handled for a given quantity of blanks 
and time is thereby lost. Sometimes the way of the grain 
or fibre in the blank must be taken into account (the 
material may stand a sharp bend in one direction and not 
in another) and then it may be preferable to use the narrov/ 
width. Alternatively the strips may be cut across the 
grain. 

The principal factors which determine the rates of 
blanking from strip are — 

1. Number of blanks cut per working stroke. 

2. Thickness of strip. 

170 
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3. \yidth of strip. 

4. Length, of feed between working strokes. 

5. Number of working strokes per minute which the 
press -will make. 

6. Kind of stop used to determine feed between 
strokes. 

7. General convenience and accessibilit^^ 

• ^ 

8. Means for dealing ^^•ith swarf. 

9. Cleans for collecting blanks. 

With the best feed stops a good percentage of the possible 
strokes can be made during the feeding of the strip. 
Except with operators of unusual skill poor stops lead 
to missing a large proportion of the strokes ; and no stops 
at all lead to a gross waste of material through irregular 
spacing. Strokes have to be missed in any case while 
the hold on the strip is changed during feeding. To mini- 
mize handling it pa3's to make pro\dsion for the operator 
to laj' 3 or 4 strips on a board conveniently placed so that 
the stoppage through bending to pick up fresh strips 
occurs less frequently. 

For small strips about 15 seconds for picking up, 
entering in the dies and starting is sufficient. This includes 
a small amount of transport which is sxue to occur; 
unfortunatelj’’ the transport, that is moving the bulk 
supply into a convenient place, is often neglected, and 
a good deal of production is thereby lost. This 15 seconds 
is shared equally among the blanks produced per strip; 
obffiousty the more blanks per strip the better. 

The blanks have to be collected and s\^'arf disposed 
of: 10 seconds for each small strip is reasonable as an 
average figure to include both constituents. For missed 
strokes 40% of the maximum possible is a reasonable 
amount to allow for simple light work. 

On these assumptions blanking 50 components (singl}-) 
from a strip 6 feet long on a press making So strokes per 
minute ^vill take — 
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Inserting and starting strip 

, . , , 50 X 6o X 100 

50 working strokes - — 

® 80 X 60 

Swarf, etc. .... 

Total for 50 blanks 
25% fatigue and contingencies 


. 15 sec. 

• 63 

. 10 „ 

. 88 sec. 

. 22 „ 

no sec. 


This gives a rate of 3-6 minutes per 100 blanks. Any 
press operation can be estimated as above, though it is an 
unusual method. More commonly the rate is guessed, 
from experience, at so many hundreds per hour, according 
to the press to be used and the kind of work to be done 
on the component. In many works the real speed pos- 
sibilities of press production are unknown because pro- 
duction is mixed up with tool setting, breakdowns, and 
transport of material. It is difficult to make a clear 
separation when small quantities are the rule. 

For the present purpose, and for studying actual 
working in a press shop with a view to improving efficiency, 
the method of constituents is the best. It is not practicable 
to produce every job with the ideal machine and tools. 
Therefore the method of estimating production rates must, 
to be satisfactory, take into consideration the probable 
conditions. Analysis into constituents as set out below 
provides a reliable way of ensuring due attention to every 
circumstance. Of course a jump of 4 seconds such as is 
indicated in the following data for the difference in time 
for loading a medium size and a large blank does not mean 
that there is really a sharp dividing line: intermediate 
times may be chosen if desired. Nevertheless the stated 
times wiU be found safe to estimate upon and for a measure 
of efficiency. 

DATA FOR PRESS WORK 

Strip Insertion. 15 seconds generally, but up to 30 
seconds for exceptionally heavy or wde strip. This 
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covers picking up and inserting the strip and a small 
amount of transport with a single operator. 

When strips are fed from front to back a common 
practice is for the operator to feed and blank a short 
length, next to withdraw the strip, reverse it, push it 
right through, then to blank, pulling it towards him 
between strokes. This method is not economical as 
regards either material or press time. It is better to use 
stops and employ a youth at the back for pulling through. 
Safety guards must be fixed at the back and front in that 
case, but the back guard can be a simple affair. Much 
is made of saving a "ha’porth of labour,” but eyes are 
shut to the ensuing waste of machine time. 

Effective Strokes per minute while Feeding Strip. 

Roll feed. Maximum wliich the press will make. 

Hand feed. The proportion of efiective to maximum possible num- 
ber of strokes averages as follows — 

With first-class stops — 

60% plain blanking — short steps 
40% ,, — long steps 

With inferior slops — 

40% „ — short steps 

25% —long steps 

The same rates apply for combination tools when 
arrangements are satisfactory for preventing swarf 
trouble or other interference. Follow-on tools require 
double stops: with good stops 5 seconds extra per strip 
suffice, but poor stops result in the effective percentage of 
strokes being reduced to 30% for short and 20% for long 
steps. The 5 seconds for double stopping are still to be 
added. 

Number of Strokes per Strip 

length of strip - waste at ends. 

~ length fed between strokes 
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Number of Blanks per Strip : 

Number of blanks per stroke multiplied by number of 
strokes per strip. In the case of foUow-on tools there is 
one extra stroke and when there are multiple punches 
there are sometimes end strokes which do not produce 
a full number of blanks. 

Inserting Blank or Pressing into Die — 


Verj"^ small components — about 

4 

in. 

X 

4 

in. . 

2 sec. 

Small components — „ 

10 

in. 

X 

10 

in. . 

4 

Medium components — „ 

18 

in. 

X 

18 

in. . 

8 .. 

Large components — „ 

CO 

in. 

X 

18 

in. . 

12 „ 

Very large components — 

72 

in. 

X 

00 

in. . 

20 „ 


(tnvo operators feeding) 


Add 2 to 15 seconds if location is not perfectly simple, 
according to the circumstances. 

No transport is included in the above times, which are 
for thin gauge materials. \^'lien increased thickness 
makes handling more difficult more time must be allowed 
as judged desirable. Location is supposed to be straight- 
forward— against pegs or in a simple register. Jlore 
difficult locations must be allowed extra. 

Ejection or Removal of Pressing fro 77 i Dies — 

o if work is pushed through the die. 

2 seconds for small components if they can be 
easily ■withdra'wn and pushed aside. 

Frequently a flick suffices, especially on fly press work 
and then i second is ample. Allow 5 seconds for medium 
size work and 8 seconds to extract and set down large 
components. Very large components need 15 seconds. 

Swarf disposal, o for raising or bending. 10 seconds 
per strip after blanking is an average figure. From 2 to 
5 seconds per pressing when they are separately fed. 
This figure seldom need be increased, for in the case of 
large work part of the work can be done by the helper 
while the opposite side is being fed and operated. 
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Pla 7 usJm:g. Small burrs are often removed (or made 
harmless) b\- passing such items as small transformer 
laminEe through a pair of rolls. One operator can feed 
from 2,000 to 4,000 an hour according to size. A fly 
press is as good as anjdhing for medium quantities of 
small pressings. 1,000 an hour is an average rate for the 
lightest work. This comes down to 600 an hour for a 
piece measuring about 3 inches x 2 inches x | inch. 
20% is enough for fatigue and contingencies and is 
included in these times. ^^Tien a power press is used more 
than one piece at a time may be laid on the lower plate, 
perhaps. This has to be considered in conjunction vith 
the rate of the press. 

Dial Feed. As for roll-feed, but the handling time must 
be considered if it affect the rate. 

The nominal pressure wliich a press will exert is not 
a reliable guide to its rate of working. A geared press 
suitable for tliick material will work at, perhaps, half 
the speed of an imgeared press w-hich w^ill deliver the same 
pressure. Consequent!}' the rate of the press w'hich will 
be used must be ascertained for accurate estimating. 
As a rough guide the following table may be used — 


T.ABLE XXXVII 

Power Presses — Strokes per 2 \Iinute 


N’ornitial Size 

Uvgrared 

Presses 

Geared Presses 

Draiving 

Presses 

Maximum 
Pressure 
in Tons 

Thin Material 

Thick Material 
and Drarving 

Long Stroke 

Up to 10 

ICO 




„ CO 

100 

50 

30 

„ .40 . 

So 

40 

-5 

60 . 

60 

30 

20 

,, 100 

30 

15 

10 

150 • 

CO 

lo 

7 

.. ~ 0 O . 

15 

s 

5 
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On fly press work the preceding data for loading, etc., 
apply. The time per swing may be taken as— 


Very light small swing . . . . i sec. 

Light swing ' 

Medium swing . . . . . . 4 ,, 

Heavy or long swing. . . . . 8 „ 

Very heavy or long swing . . . . 10 ,. 


Examples where these would apply are given later. 
For second operation work or blanking from sheets 
already cut to size to make one component the con- 
stituents are — 

Clean and grease (if required) 

Insert in die 
Actuate press 
Eject or remove 
Dispose of swarf (if any) 

These apply to all types of machines. 

Greasing is only required for drawing. Swarf occurs 
when there is blanking, trimming, or piercing. On small 
presses the stroke is so rapid that handling practically' 
entirely governs the rate of production. With large 
presses the picking up of a new piece ready for insertion 
can often be nearly completed while the ram is moving. 

As a guide to the rates usual for second operation work, 
including 25% fatigue and contingency allowance, about 
600 per hour can be expected from small presses if there 
is no swarf to get rid of. This sometimes is a trouble; 
when trimming, for instance, it may hang around the 
punch and cause considerable delay until means of 
stripping it are provided. An air blast is useful for small 
piercings of thin material. No rule can be given — each 
case must be judged on its merits, or rather, defects, 
for wdth good tools the trouble is small. 

For medium size presses, where two hands are required 
to handle the components, the rate per horn: is about 400. 

Thin sheets (say less than ^ inch thick) measuring 
about 24 inches X 12 inches can be got off at nearly the 
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same rate for short periods, but over a day it is not wdse 
to reckon on more than 200 an hour. Larger sheets, 
measuring about 36 inches x 18 inches, take the same 
time, but require two operators, one on each side of the 
press. Still larger sheets require one operator to feed and 
work the press, one to pick up the sheets and assist to 
feed and one man at the back to remove the work. Two 
men at the back are necessar}?^ if there is swarf to remove 
or tlie sheets are verj^ large. 120 an hour is an average 
rate. If the sheets require cleaning and oiling one or two 
men (according to the size of the sheet) are required in 
addition to the press attendants. 

Frequentl5’’ in second operation work two components 
are loaded together and dealt wdth in one working stroke. 
In that case the time for each wiU be about | of the time 
for doing them singly. 

It should be noted that the rates per hour given above 
do not appty to slow-moving dravdng presses. 

Combination tools which pierce and blank simul- 
taneousty cost considerably less than separate tools for 
blanking and piercing. Unless the holes lie close together 
in a small part of the blank the separate piercing tools 
would be nearly as large as tlie blanking tools. The com- 
bination therefore saves a great deal of material and 
machining, besides }delding more accurate work with 
half the setting time and less tlian half the operation 
time. The common rule for the smallest diameter which 
can be pierced in a sheet or plate is that it should not 
exceed the thickness pierced. It is safe to foUow. 

As an aid to setting, pillar iypc iools are easil}' worth the 
extra first cost unless but few components are required. 
They save in setting time and greatly prolong the life of 
the dies b}^ avoiding the misalignment whicli frequent!}^ 
occurs vdthout tliem. 

On the whole it pays to avoid "cleverness” in designing 
press tools. Simple tools in the long run usually give the 
best economy. Exceptions to this rule should be permitted 
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only when very large quantities of components have to 
be produced from the tools, and designs are stable. In 
ordinary engineering work these conditions exist only 
occasionally. Even then simple tools are usually made at 
the onset because production is quickly desired and the 
more complex tools may take months to get working 
properly. 

The fatigue allowance in press work should be generous. 
It must include something for contingencies; although 
setting may be regarded as an extra and be separately 
allowed for, press tools are liable to sudden trouble besides 
failure through wear. On the whole the fatigue plus 
contingency allowance should seldom be less than 25% 
of the floor to floor time, the latter, of course, taking mto 
account strip or blank feeding in addition to the period 
elapsing between successive working strokes, and setting 
being extra. For long runs, when tools v/ill need to be 
replaced at intervals by a resharpened set, 15% fatigue 
plus 15% for tools (including' setting) is none too much. 
Average setting time for pairs of tools are given in Table 
XXXVIII. They are for pillar type tools on power presses. 
Stripping down, as well as setting, is included, and so are 
preparation and recording. 


TABLE XXXVIII 
Press Tool Setting Times 


Approximate Weight of Tools 

No. of Men 

Time in Minutes 

Under 561b. . 

I 

30 

,, I civt. .... 

2 

30 

„ 2 cwt. .... 

2 

45 

„ 5 

3 

60 

,, 10 c%vt. .... 

3 

90 

„ I ton .... 

4 

120 

„ 2 tons .... 

5 (including 

120 

„ 5 tons .... 

crane driver) 

^ »» 1 » 

180 

,, 10 tons .... 

6 

240 
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Of course much depends on the facilities provided and 
whether there are many or few making up blocks for 
closed height adjustment. On small work it is desirable 
to have fewer operators than presses when short runs are 
common. 

The storage of large press tools is a great nuisance. If 
they are not accessible to a crane much time is wasted. 
If they are accessible valuable floor space is occupied by 
them l5dng idle. Perhaps the best solution in many 
circumstances is to provide a strong high platform for the 
press tool stores, using it for the heavy tools and the floor 
underneath for the smaller tools or as a sheet metal stores. 

Foot or kick presses are a trifle quicker for production 
than fly presses because they leave both hands free. 
But so many accidents are caused by lacking at wrong 
times that it is better to avoid them. An exception may 
be made when the lift of the ram is too little for fingers 
to be inserted. This restricts the lack press to such work 
as piercing and cutting off from strips of thin material 
such as are used for electrical insulation. For such work 
the speed is quite good, being about 1500 per hour for 
pieces 2 or 3 inches long, and 1200 for pieces i foot long, 
fed to stop from the roll. These rates include fatigue. 
But the great advantage is that the material can be kept 
free from oil or dirt more easily than in the ordinary press 
shop, the pieces being cut off near where they are to be 
used. 

The capacity in tons of power presses is given roughly 
(for workshop calculations) by 

Maximum pressure in tons = 3 D" 

when D is the diameter of the crankpin. This is for 
presses driven from one end of the shaft. For presses 
driven from both ends the capacity is about 50% greater. 
This rule is useful as a guide and is well on the safe side 
for ordinary conditions. # 

The maximum pressure required to shear an area of 
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I square inch varies somewhat with the state of the 
material but the figures below will be foimd sufficiently 
near for most purposes. 

TABLE XXXIX 


Shearing Resistance of Sheet Materials 


Material 

Tons per Sq. In. 

Aluminium ..... 

5 

Brass (soft) ..... 

12 

„ (hard) . . . . 

18 

Bronze ..... 

19 

Copper. . . . . . 

12 

Fibre ...... 

II 

Iron (wrought) .... 

18 

Steel (mild) ..... 

22 

„ (alloy, heat-treated) 

40 

Tin 

2 

Zinc ...... 

7 


The formula for the maximum pressure P for shearing 
through a thickness T and periphery L when the material 
has a shearing strength f in tons per square inch is 

P = L X T X f 

By putting angular shear into the die or the punch 
the load is distributed over a longer time and the maxi- 
mmn pressure is reduced by about 25% when the total 
amount of shear = 5 °% when it = T and 70% when 

it = 2T. 

The pressure required to blank a hole 3 inches diameter 
through mild steel inch thick wuU be 

ttXSX^x 22 =26 tons. 

This is for tools without shear. A 30-ton press would be 
chosen. But a little shear, say inch, would reduce the 
maximum pressure to below 20 tons. 

Jhe crankpins of a press are 6 inches diameter. The 
shaft is driven by gearing at both ends. Will it be powerful 
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enough to cut a blank from ^ inch thick aluminium sheet 
if the periphery of the blank is 240 inches ? 

The area to shear is 240 x ^ = 30 sq. inches. 
Pressure required =30 X 5 = 150 tons. 

By the rule just given the capacity of the press is 

6 X 6 X 3 X tM = 162 tons. 

It wiU do the work without shear on the tools. Yet shear 
will be desirable since it will relieve the shock. 

The peripheral length of a circular or rectangular 
blank is easily calculated. For irregular shapes the 
readiest method is to try the length with a piece of raffia 
or other stretchless string laid on the accurately drawn 
shape. Some despise this method. But why be meticulous ? 
When it happens that the load seems rather too heavy 
for the press which otherwise would be preferred, the 
measurement can be made more carefully than usual. 
It is ridiculous to find out, laboriously, that the blanking 
pressure required is, say, 49-41 tons when the choice 
lies between a 30-ton and a 6o-ton press. 

The problem of finding the developed shape of a raised 
or drawn component is not difficult to solve approximately. 
The final result is always got by trial except for the simple 
folding of thin material. When metal is bent, or raised, 
or folded (all three words are used for the process) it 
stretches more than one without experience would expect. 
If the inside radius of the bend is R and the thickness of 
the metal is T the effective radius may safely be taken as 



That is, the length of the metal in the curved part from 
A to B in Fig. 30 is ^ 

For finding approximately the shape and size of blanks 
which are to be raised and folded in various directions 
the shape of the blank may be set out by projection. 
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Sometimes this is rather a complex business, and it is 
easier and quicker to build up a paper model. Kinder- 
garten fashion, by gumming sections together. 

When material is drawn into a bowl or cup the v, 'eight 
of the finished component plus what is trimmed off or 
pierced out will equal the weight of the original blank. 
It follows that the size of the blank can be calculated. 
But materials are not uniform and the calculations 
involved are frequently intricate and not quite reliable. 



Often the thickness of the walls of the cup are supposed 
to be the same as that of the original blank. Although 
that may be intended, flanges under the pressure plate 
tend to thicken and other walls are stretched. For this 
reason many engineers base the size of the blank on 
the inside dhnensions of the finished shell and invariably 
fin d plenty of metal in it. Trimming is always necessary 
after deep dra^vi^g and must be allowed for in the 
operations and in the size of the blank. 

There is a simple, practical way of finding the diameter 
of round cups of any shape. It is more suitable lOr 
shallow cups than deep ones but is weU adapted for work- 
shop use or estimating. An example will illustrate the 



SHEET METAL PRESS WORK 


183 

method, which is based on the well-known principle of 
Guldinus, though it appears to be unknown to press tool 
engineers. The size of the blank for the pressing shown 
in Fig. 31 is required. Lay on the inside profile a copper 
(or other soft metal) wire as shown at A-B. Cut it to 
terminate exactly at A and B. Then balance the wire on 
the blade of a knife at C so that the imaginary axis DE 
is vertical; that is, if the wire were swept around this 



Fig. 31. Finding Blank Diameter for Cup-shaped Pressings 


axis it would generate a true copy of the desired inside 
formation of the shell. Measure the length AC. Straighten 
the wire and ascertain its length 1 = ab. Then the area 
of the blank will be 

277 X length CD X 1 = 277 X 2-1 X 5-3 = 70 sq. inches 
and the blank diameter = qi inches nearly. 

This supposes that it is intended that the wall thickness 
of the shell shall be approximately fg- inch throughout. 
If there is much slope at the point C the knife blade should 
be replaced by a cotton thread hitched around the vdre. 
Small cups should be drawn out to a large scale to reduce 
errors in measurement. 

When the size of the blank is known a suitable press 
can be selected, the maximum blanking pressure being 
found by the formula on page 179. If holes are pierced 

7 -(B. 5 < 89 ) 
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at the same time the extra load must be added in pro- 
portion to their united periphery. 

The rule for the amount of material surrounding a 
pierced hole in a blank or a strip is that it should not be 
less wide than thick. Thus a blank 6 inches wide across 
a strip J inch thick necessitates the strip being inches 
wide. The rule is safe; it can often be relaxed a little 
in practice as regards contiguous piercings near the 
centre of a strip, but not when they are near the edges 
if it is desired to keep the frame of the strip intact. For 
thin materials it is often better to allow a trifle extra 
margin at the edges— not less, say, than about -5^4 inch 
on each side but so as to keep the strip to a "round 
figure” width. It must be remembered that strips are 
not cut quite accurately parallel, and widths appreciably 
vary from strip to strip. 

Bending consumes about half the power needed for 
drawing, and the pressure on a drawing punch is about 
the same as would be required for blanking out the bot- 
tom of the formed cup ; at any rate it is near enough to 
guide in the selection of a press unless there is a very 
severe extending or ironing action. Drawing presses in 
common use vary in their speeds from 3 to 30 strokes per 
minute according to power and length of stroke. Before 
the time can be accurately estimated the speed of the 
press must be known. 

Loading may include unloading or not, according to 
whether the cup is ejected and has to be removed or is 
pushed through. Small ejected cups will usually take 
about 5 seconds for loading and unloading. The time for 
larger ones must be judged by the trouble in handling 
them. Loading alone will take 3 seconds for small cups 
and upwards as judged for large ones. Short runs can be 
done at an average of 2 seconds, but it is unwise to take 
that as a basis. Sometimes the operator has to do a 
little stoning to the dra\ving tools, sometimes the rough- 
ness which develops is attended to by the setter or by a 
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tool maker. Delay through this must be allowed for in 
the time allowance. The constituents entering into the 
basic time are — 

Loading time (this will include time for oiling 
or greasing) 

Time for one stroke of press 
(Possibly) Unloading time 
Tool attention 
Fatigue 

The last two may be put together and reckoned at 40% 
of the sum of the others. More is necessary if many shells 
burst. There is usually an allowance also to be made 
for trucking the pressings from machine to machine; it 
may easily amount to 10% of the floor to floor time. 
Evidently a good tool service and plenty of labourers are 
essential to an efficient press shop. The tendency is to 
starve labouring help because for an operator to move a 
truck consumes only a few minutes. But the repetition 
of that movement several times a day eats away a serious 
proportion pf the effective working period. 

The deep drawing of cylindrical shells is governed b}?’ 
the folioving approximate rules — 

For double action drawing allow reductions in diameter 
of 33^-% for the first, 25% for the second, then 20, 15 and 
10% for successive later draws. Under favourable 
conditions with thick materials — say over J inch thick — 
the first reduction may be 40%, the second 33^%, 
and then 25% for the next and later draws. 

For single action drawing allow sometimes 30% but 
more usually 25% for the first and second, and 20% 
for the third and later draws with thick material. 
Allow 25%, 20%, 15% and 10% for thin materials. 
When estimating allow for annealing before the second 
and later draws although it may be found, by trial, 
that an annealing can sometimes be omitted when the 
reductions are small. 
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When the shape drawn is not round the matter is more 
dif&cult. For the present purpose, which is concerned 
with the approximate size of the blank (as it affects the 
quantity of material used) and the number of draws (as 
that affects time), the following notes may be useful. 

Simple bending does not cause any great flow of metal 
along the surface of the dies ; there is a slight movement 




Fig. 32. Raising a Shallow Pan 


where the bend is concentrated but nothing which tends 
to alter much the thickness of the metal there. 

When metal is drawn in press tools it is bent, compressed 
and extended at the same time; the metal is forced to 
flow along the surface of the dies and, more often than not, 
in such a way that the original blank thickness is main- 
tained, approximately, in the completed shell. 

In the case of round shells the action is symmetrical 
and can be calculated fairly nearly. Where other shapes 
are made, the forces are unequally disposed ; calculations 
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give, perhaps, a close idea of what ma}^ happen but only 
trial is depended on for finding exactly the shape and'size 
of blank. A simple example 'atU show the idea. Fig. 32 
represents a shallow pan of thin material to be formed 
from a flat blank. Although the bottom comers B are to 
be assumed square they could not, of course, in practice 
be dravm so in dies. A radius there would complicate the 
arithmetic and serve no useful part in the study. It 
may be allowed for as shovm in Fig. 30. 

Consider a line A near the centre of one side of the pan. 
In that region there vail be practically simple bending, 
no drawing of the metal. Hence, if the blank measures 
3| inches across and the inside of the pan is to be 2| 
inches, the height of the flange will be close to i inch. 
But near the line C there vdll be quite a different action. 
If the blank were made at i inch radius at the comers 
the efiect at C would closety resemble that of dravdng a 
cylinder i inch diameter from a blank 2 inches diameter. 
The height of such a cylinder is obtainable from the 
formula 

, D= - d 2 

h = — 

4d 

where D = diameter of blank, h = height, and d = 
diameter of cylinder. In this case 

h = — I inch. 

4 

That is, the flange would be 4 inch higher at C than at A 
as shovm at the left hand of the figure. The profile 
shown by the chain dotted line represents the plan of the 
raised pan. The comers D are corrected as regards the 
blank to give a level raised flange as shovm in the view 
above them. As an application of tlie formula will show, 
the blank should extend at D for a distance of only 
I inch be3’’ond the dotted outline instead of 4 inch as 
along the flat sides. 
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It is generally possible to estimate fairly closely the 
shape and size of the blank required for any purpose by 
judging at what places there will be simple raising, where 
real drawdng, and applying the common rules of men- 
suration. The amount of flange for drawing between 
the die and the pressure plate varies from about ^ inch 
for small components up to 3 inches (i.e. 6 inches total 
width) for large ones in its least width after drawing. 



The following examples indicate briefly the application 
of the rules and data which have been given — 

Fig. 33. 16 S.W.G. M.S. 20-ton press. 100 S.P.M. 

Follow-on tools. Poor stops. 67 blanks per strip. 

, , 68 X 60 

67-1-1 strokes take = 136 sec. 

‘ 30 

Stops == 5 » 

Strip and swarf — 25 „ 

166 sec. 

25% fatigue = 41 „ 


Time for 65 blanks 


= 207 sec. 


Time % = 3^9 sec. 
Planish on fly press — 1.000 per hour 
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Fig. 34. SxAMPncG with Combixatiox Tools 


Fig. 34. 20 S.W.G. M.S. lo-ton press. 120S.P.M. 

Combination blanking and raising tools. Inclined press. Treat as 
for long steps, to give time for pressings to clear. Good stops. 46 
blanks per strip. 

, , , ^ , 46 X 60 X 100 

46 strokes take = 5S sec. 

120 X 40 

Strip and s\varf = 25 ,, 


= 21 


25% fatigue 
Time for 46 pressings =104 sec. 


Time % 

Pierce holes on fly press. 
Load 
Swing 
Eject 


25% fatigue 


Time % 


= 226 sec. 


sec. 


6 

.. 


7 ^ 


= 750 sec. 


If the loading had required an angular setting it would 
have needed another 2 seconds. 
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Fig. 35. Stamping Laminae — ^a Wasteful Method 

Fjg. 35. 22 S.W.G. M.S. lo-ton press. 120 S.P.M. 

Good stops — 87 blanks per strip. 

87 blanks take ^7 gee. 

' 120 X 60 

Strip and swarf = 25 ,, 


98 

Fatigue 25% =' 24 „ 


Time for 87 blanks = 122 sec. 


Time % = 140 sec. 

Area per blank =i-7sq. in. 



Fig. 36. Stamping Laminae — an Improvement on Fig. 35 


Fig. 36. Same blank as in Fig. 35. 20-ton press 100 S.P.M. 
Good stops, 2 blanks per blow. Treat as follow on tools — 

45 -f- I strokes take ^ = 69 sec. 


Starting stop = 5 i. 

Strip and swarf = 25 >p 


99 sec. 

Fatigue 25% =25 „ 

Time for go blanks = 124 sec. 


Time % = 138 sec. 

Area per blank =1-359. in. 

This shows the economy of the second method. 
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Fig. 37. The formation of the curl is the only operation of particular 
interest. It is to be done on a fly press, about a mandrel, hamng been 
previously raised as shown by the dotted profile A. 


Load ....... 2 sec. 

Insert mandrel . . . . . . 4 ,, 

Siting 10 

Remove mandrel . . . . • 5 

Unload . . . . . . . 3 „ 


24 sec. 

Fatigue . . . . . . . 6 „ 

Time each. ..... 30 sec. 


This is not a quick method compared with some but it 
suffices for many components made in small quantities. 

Fig. 38. iin. M.S. 70-ton press. 30 S.P.M. 

Made from rectangular blanks. Combination blanking and piercing 
tools. 

Blank and pierce — 

Insert blank (rough location) . . >4 sec. 

One stroke . . . . . . 2 „ 

Remove blank . . . . . . 2 „ 

Remove swarf . . . . . - 3 ,, 

1 1 sec. 

Fatigue 25% 3 

Time each . . . . .14 sec. 

Raise two small flanges. Power press — 

Load (precise location) .... 6 sec. 

One stroke . • . • . . 2 „ 

Remove blank . . . . . . 2 ,, 

10 sec. 

Fatigue 25% aj „ 

i2i sec. each 

Raise chattnel. As for raising flanges. 




Fig. 37. Curling on a Fly Press 

I 



Fig. 38. A Pressed Steel Bracket 


CHAPTER IX 


MISCELLANEOUS DATA 

Assembling, fitting and erecting may all be analysed 
into constituents. There are, broadly, two classes of 
assembly work, one in which simple components are 
secured together to make a sub-assembly or imif and the 
other in which these units are finally built up together. 
Fitting roughly corresponds %vith unit assembly and 
erecting ivith final assembly. In intensive assembly no 
adjustment of the parts by filing or scraping is permis- 
sible, but fitting implies that such adjustments, to make 
better fits, are necessary. When adjustments have to be 
made it is impossible to forecast operation times until 
their extent is knovm. In a works where the machining 
Is done well precedents may be established from which the 
probable time for future work, allovdng for adjustments, 
can be estimated. But the records should preferably be 
based on constituents, not on the overall times of com- 
plicated processes. 

The first requisite for any assembling or erecting opera- 
tion is an accurate list of the component parts. This is 
not always readily obtained, drawing office lists often 
being unrehable. For assembly work the best "way to 
ensure that such a list is available is to make the assembl}^ 
complete and perfect, then to take it to pieces again 
and amend the part list as requisite by reference to the 
laid-out parts. It is not sufficient for a bolt or spring 
\vasher to be listed merely as such; the list should state 
wiiich bolt the Avasher is associated with, and the com- 
ponents which the bolt secures together. 

\^Tien the assembly is being carried on in the first 
place a record should be made of desirable modifications 
to sizes or limits, and the drawings altered. If the perfect 
components are re-assembled ifnder proper conditions the 
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time taken be a basis to establish a fair piece-v;ork 
price for the work when all the supplies are correct. Until 
that state is attained a temporary time should be 
arranged. If adjustments or rectifications are made during 
assembly the process will probably take two or three 
times longer than necessary. 

Assembling cannot be carried on efficient^ without 
adequate supplies of components arranged conveniently 
in bins or trays. 

Light assemblies can be made to flow along lines either 
with the aid of conveyors or by handing on from one 
operator to the next. It is essential to balance the work 
equally among the operators or the rate of flow will be 
unsatisfactory. Group pa5mient (this, by the way, is 
not a new but an old system) is suitable for line assembly, 
but experience proves that greater efficiency can often be 
got by arranging to pay the men more indhidually. 
Conveyors stimulate management as w^ell as operators. 
Yet it is easy to install them where they are a handicap. 
They are best employed wffiere a fairly constant output 
is desired for a long period. 

When planning for a conve5mr the first consideration is 
the output desired. The number required divided into the 
number of minutes wmrked per diem gives the unit time ; 
and the assembling process must then be divided into 
operations each of wffiich %vill take, as nearly as possible 
(but not more than), that imit time. The number of 
stations for operators corresponds with the number of 
operations. There are generall}^ more operators than 
would be needed under ideal conditions without a con- 
vejmr owing to the impossibility of making each operation 
the exact unit length; 5mt the output per man-hour is 
increased by a conve3mr because it is more uniform and 
adequate supplies are forced. 

The length of the conveyor w'ill depend on the space 
available, the number of operators, and the distance 
between them. It may be'^ossible for work to be carried 
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on on both sides of the conveyor. This is equivalent to 
combining the operations. For small light work 3 feet 
distance between the operators (on one side) is often 
enough. But it is not a good plan to cramp the space: 
there should be, if possible, a foot or two of idle space 
between adjoining stations to allow for occasional encroach- 
ment. Such idle spaces render a longer conveyor necessan.' 
but do not affect the total assembling time. This depends 
on the conveyor speed. The speed of the conve3'or 
should be such that the length travelled in the tmit time 
is that assigned to one operation (excluding the idle space, 
if an\'). \Mien length}' operations cannot well be sub- 
di%'ided the}' must be proi'ided n-ith stations suited to the 
number of operators required at them to preser\'e balance. 
Suppose it is desired to assemble 100 machines in 
hours on a conveyor which can be as much as go feet 
in length. This gives a imit time of 

510 

100 

or practically 5 minutes. The whole assembly, irithoui 
a corrccyor takes, say, 72 minutes, including an adequate 
fatigue allowance— usuall}' I2h% for hght and 15% for 
hea^'}' work; but these amounts are not enough if the 
machine work is faulty, for fatigue is here understood to 
include contingencies, ^'\■hen the process is analysed for 
being worked on a conveyor it is found that, say, 16 opera- 
tions are necessary', the unit time being 4-8 minutes, and 
the total 76-8 minutes. Also it is found that 10 operators 
should work on one and 6 on the other side of the con- 
veyor ; but of the 6 it is necessary for 2 to be free from 
interference by opposite operators. Hence the conveyor 
must contain the length necessary for 12 operations. 
If the length of the assembled machines is 3 feet and 
a space of 3 feet is allowed between them to permit 
working at the ends (tliis space, of course, depends on 
the circumstances — sometimes turntables on the con- 
veyor are practicable), the machines will be at intervals 



196 PLA 2 SXIXG, ESTIMATING, AND RATEFIXING 

of 6 feet along the conveyor. But since an idle space of, 
sa}’’, I foot is to be allowed, the operators’ stations wiH 
be at inten'als of 7 feet. The available space of 90 feet 
is more than sufficient for 12 stations but it might be 
advisable to use it all in case, at a later date, a modifica- 
tion of the machine should render an extra operation 
necessarj^ 

Since the time imit is 4-8 minutes and the machines are 
at intervals of 6 feet the speed of the conve}^! must be 6 
feet in 4-8 minutes, or feet per minute. After some 
practice this speed could probabty be increased Giving to 
lessened fatigue. \’iffien reckoning the operation time for 
conve5’or work the fatigue allowance ma3’ be 71% for 
Hght and 10% for heaw work. In addition there must 
be about 5% resenm operators to replace temporal}' 
absentees from the line. These reser\'e operators should 
be proffided -^vith stand-b}* work such as rectification. 

Fitting and assembling operations commonl}* met with 
ma}^ have times assigned to them based on the data which 
follow. Fatigue, tool attention, etc., are allowed for in 
the rates miless otherwise stated but handling the work 
is extra. Removing machine marks by filing and scraping, 
15 seconds per square inch for cast iron and 20 seconds for 
steel. Deduct 25% for narrow surfaces of less than, say, 

inches wide. 

Scraping a flat surface. On a cast iron plate allow 40 
seconds per square inch if a 0*002 inch feeler will bareiv 
enter between the plate and a straight edge at any part 
at the start. Add 20 seconds per square inch for each 
0*001 inch additional error. For a surface of less than ban 
a square foot allow 30 seconds per square inch. It two 
faces are to be scraped true and parallel or square vnin 
each other calculate as above and add 50% for everf 
0*003 inch relative error at the start. The fatigue 
allowance is included in these times. 

Bearings. Scraping and bedding times depend on the 
accuracy of the pre%'ious machining. For bedding test 
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bars in cast iron housings allow 2 minutes per square 
inch unless a crane is required, when 3 minutes is an 
average figure. Similar bedding in aluminium housings 
take I minute per square inch. 

Scraping brass bearings to shafts i minute per square 
inch. 

Scraping white metal to shaft 40 seconds per square 
inch. 

The last two times are for scraping only, no handling. 
An approximate formula for scraping and bedding, 
including all handling, is: Time in minutes = 4 x 
diameter in inches x length in inches, for white metal 
bearings. For brass bearings replace 4 by 6. All these 
times can be reduced when the previous machining has 
been well done, as it usually is in intensive manufacture, 
but not for general production. Allow 15% fatigue on 
the above times. 

Light assembling data. Allow 6 seconds for taking up 
the first piece (usually the largest) and placing it in posi- 
tion in the assembling fixture. Secondary pieces will need 
about 2 or 3 seconds each to place in position unless 
intricate manipulation is required. If a secondary piece 
is a good fit in a hole or register allow 5 seconds. 

Small screws used for fastening can be inserted and 
started in 6 seconds. The whole operation of inserting 
and making tight will take 12 seconds with an Archi- 
medean, 15 seconds with a ratchet, and 18 seconds with 
an ordinary screw driver. These times allow for picking 
up and replacing the driver. Screws of J inch or -fg- inch 
diameter will need 30% longer. Long screws or bolts 
which thread through several pieces take longer to insert. 
If a nut is used add 6 seconds each if a driver is used with 
a box spanner. An ordinary spanner will increase the 
time by yet another 6 or 8 seconds for each nut— if 
conditions are favourable. Nuts must be easy fits or the 
times will be much longer. 

Inserting and opening small spilt pins take 20 seconds 
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each. Studding with a stud box takes the same time as 
inserting screws with the respective drivers. Groups of 
small studs can be inserted and secured with power 
drivers at the rate of 5 a minute. Nuts on studs take about 
as long as inserting and securing screws of corresponding 
sizes. Fatigue is allowed for in the above times. 

After each assembly operation some time is spent in 
overlooking the whole to make sure nothing has been 
omitted and to effect adjustments— not in size, but 
perhaps in spring tension, or to test working fits, or make 
alignment or inspect finish in case a part has got 
blemished during the process. This overlooking time 
must be allowed for by judgment and should not be 
stinted. It is better for a defective part to be replaced 
early rather than late in the process, and cheaper to 
train observant operators than maintain an army of 
inspectors. 

Riveting is often done in a press. A slow action press 
is best— the rivet heads are less crystalline if made to 
flow slowly. The best work cannot be done in a press 
unless a compensating device ensures equal work on 
each head when several are formed simultaneously. With 
single riveting on a power hammer most of the time is 
spent in assembling and handling. Machine output can 
occasionally be increased by arranging operators in 
groups, some to assemble and one to rivet. More usually 
one operator assembles and rivets. 5 or 6 seconds will be 
spent in placing the work in position and forming each 
head. Assembling and rivet insertion may be estimated 
on the lines indicated above. An average basic time for 
simple light work assembled and riveted by one operator 
is 15 seconds for each rivet. Machine setting is, of course, 
extra. Small rivets up to inch diameter may be riveted 
hot with a pneumatic hammer at the basic rate of 3 a 
minute by a gang of 3 operators, a youth for heating and 
two for riveting. This rate does not include assembling 
the parts. Actually a nest of rivets close together can 
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be riveted at the rate of 7 seconds each, but there are 
various small incidentals, and the basic rate includes 
20% fatigue. Larger rivets are associated with heavier 
tools and greater distances to travel. The pneumatic 
riveting of larger rivets by groups of 3 operators may have 
average basic rates per rivet of 

30 sec. for iia. dia. rivets 

40 I in. 

50 I in. 

60 „ I in. 

If there are temporary securing bolts to remove, an extra 
operator is needed. For awkward positions more time 
must be allowed. Hydraulic riveting takes about the 
same time as above but needs also a crane and a crane 
driver. Assembling parts or drifting holes is extra and 
either extra help or more time must be allowed. 

Guillotines. Two operators per machine. Allow 3 

minutes for setting stops. The first cut across a sheet 
takes 15 seconds for 16 S.W.G. and under, and 25 seconds 
for sheets up to ^ inch thick. If the sheet is then fed to 
stop 3 seconds, and 5 seconds suffice for successive cuts 
on thin and thick materials respectively. If the sheet is 
dropped and picked up again allow as for the first cut 
xmless the size is reduced so that handling is easy. Allow 
20% fatigue extra. Each man xviU be occupied for the 
given times. 

Rotary Shears. For average work the constituents are — 

Pick up sheet — from 3 sec. upwards according to size 

Lay on template — from 3 sec. upwards according to size 

Mark off — from 2 sec. per foot of periphery 

Remove template — from 2 sec. upwards 

Transfer sheet to machine — according to distance and size 

Cut — see under 

Lay down blank — 3 sec. 

Dispose of swarf — from 2 to 5 sec. 

The average rate of cutting is 

12 ft. per minute up to 18 S.W.G. 

Q .. 14 S.W.G. 

6 „ S S.W.G. 

4 „ i i*'" thick 



200 PLANNING, ESTIMATING, AND RATEFIXING 

Allow 15% fatigue. Two operators or more are required 
for work of large area. Large pressings are often trimmed 
by band-sawing. The cutting rate is 10 seconds per foot 
up to 18 S.W.G. 

Bending and Folding. On the average the basic time 
may be f minute per bend. This includes marking a line 
on the work to position it in the machine. 

Spot Welding. The actual welding time is scarcely 
considerable in comparison with assembling and handling. 
It varies from about 0-5 second for thin sheets up to 
5 or 6 seconds for each spot, when the added thickness 
is ^ inch. For rough estimates allow 10 spots per minute. 
This is an average rate for joining thin mild steel sheets 
and includes assembling and all other incidental work. 
More accurate estimates can be based on the assembling 
time plus 2 seconds a spot for 18 S.W.G. sheets and under, 
3 seconds for an added thicloiess of inch, 5 seconds a 
spot for an added thickness of ^ inch, and 10 seconds when 
the added thickness is | inch. Fatigue allowance 20% 
extra. The above figures are probable minima. More 
handling time is necessary for unwieldy components. 
Trimming the copper points is included in the fatigue 
allowance. 

Oxy-acetylene Welding. The average rate for girls 
tacking and welding sheet metal components up to and 
including 22 S.W.G. is 8 feet per hour. Men on 16 S.W.G. 
sheets can deal with 6 feet per hour. These rates include 
assembling the parts, fatigue, and other allowances. 

If the tacking and welding be separated add to the 
assembling time, for each separate tack, the time required 
to weld ^ inch length as shown in Fig. 39. This allows for 
intermediate handling of the blowpipe and the starting 
heat. 

Short welds should be rated similarly. Allow 25% 
fatigue. Fig. 39 shows graphically the rate of welding for 
sheets of various thicknesses, also the amount of oxygen 
(= acetylene) and the diameter and length of welding 
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wire required per foot run. These, like the charted data 
immediately following are only a rough guide. At 



Fig. 39. O.w-acexvlene Welding 


atmospheric pressure it takes ii-2 cubic feet of oxygen 
and 13-6 cubic feet of acetylene to weigh 1 lb. 

Oxy-acetylene Cutting. Incidental work must be judged 
b)' the circumstances. Cutting speeds and the amounts 
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of the gases consumed are shown in Fig. 40, The pre- 
paratory heating time may be allowed for by adding to 
the length to be cut the thickness of the plate and an 
additional 4 seconds to the calculated time. Where there 
are sharp bends allow 50% extra time. The fatigue 



allowance may be, on the average, 25%. When the 
process is automatic 15% is enough. 

Butt and Flash Welding. Assembling the parts in the 
machine resembles jig loading and must be estimated 
similarly. Allow from 2 to 5 seconds per weld for machine 
manipulation according to massiveness. Welding tirnes 
in seconds per weld are shown graphically in Fig. 41, which 
also indicates the approximate amount of power used. 
The power consumption is heavy for large welds and must 


MinOte^^ Cubic Ft. AcETftcNC FootRon 





Oft 03 10 1-2 1 ^ le 13 20 22 

AREA »>- WCLD SQUARE INCHES. 
Fig. 41. Flash and Butt Welding 
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be reckoned in the process cost. The value of the material 
burned away is also considerable. Fatigue allowance 20% 
extra. 

After welding it is usually necessary to remove the 
excess metal at the junction by filing, grinding or turning. 

Arc Welding. Preparation and assembling are extra 
to the times obtained by using the graphs in Fig. 42. 
Allow 30% fatigue. The curves also indicate approxi- 
mately the indirect materials consumed. 

Spraying Enamel. One sprayer can spray large area 
work at the rate of 10 square feet per minute— much faster 
if the relative motions of man and work can be made 
rapid enough ; as in most other processes manipulation is 
the deciding factor, not machine capacity, \^'hen the 
work is placed in position b}^ the sprayer allow the 
necessary time for that and an)’^ other business (such as 
carr3dng to and suspending in oven) plus 12 seconds per 
square foot for coating articles of about 8 or 10 square 
feet area, which permit easy access to the spray, and up to 
30 seconds per square foot for small articles, of which 
several can be sprayed simultaneously on a turntable. 

Masking is extra. Allow 25% fatigue when the operator 
is liable to get badly soiled and 20% other\\ise. Replen- 
ishing paint supphes is covered in these allowances. 

The covering power of enamel depends on its nature. 
An average figure is 250 square feet per coat per gallon of 
sprayed mixture (enamel plus thinnings) for large area 
work. On small components much of the spray misses the 
target and one gallon maj' suffice for only 150 square feet. 
All of the above figures are subject to a considerable 
modification in differing circumstances. E\ddently the 
process rate per hour (see Chapter XI) can amount to a 
high figure. For example the details may be — 

s. d. 

Wages . . ■ - .16 

■2 gal. of enamel at 6s. . . 12 - 

0\’erhead charges . . . - 6 

Process rate . . . . 16 - per hour 
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Dip Enamel. The proems ma}^ be analysed in exactly 
the same way as spra5dng. '^’iTien quantities are small the 
labour constituents are 

Dip 

Hang to drain 

Transport to and suspend in oven 

Remove from oven 

When a conveyor is used they become 

Dip 

Suspend on conveyor 

Remove from conveyor 

In both cases the circumstances must be studied before a 
time can be given. It must not be forgotten that the 
capacit}’’ of the oven and the conveyor ma}' be deciding 
factors. 

Flatting for Second Coat of Enamel. Actual time equals 
minutes per square foot, including 20% fatigue and 
personal cleaning allowance. 

The preparator}?^ cleansing of the work vdth turpentine 
(or by other means) before enamelling is a considerable 
item. An average time is 30 seconds per square foot for 
greasy work cleaned vdth turpentine and rag. This allovs 
also for incidental transport, which is sure to be necessan'. 

Polishing. The actual time for polishing brass may be 
based on i minute for 8 square inches of surface when the 
surface is smooth and there are no hollows diScult for the 
mop to reach. If the surface is rough to start with i 
minute for 5 inches will be about right. "S^Tien there are 
hollows the time must be increased, perhaps 50%, perhaps 
100%, according to the accessibilitjc 

Similarly for steel or cast iron the time wiU vaiy’- on 
plain work from 3 to 5 square inches per minute according 
to whether the surface is rough or smooth to commence. 
For rough polishing allow 50% of these times. 

After nickel plating the surface may be repoiished a 
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the rate of 24 square inches per minute irrespective of 
what metal the nickel is deposited upon, but subject to 
an increase of time for irregular surfaces as before. 

After chromium plating polishing wll take i minute 
for 48 square inches when the surface is plain. 

Fatigue, amounting to about 20%, is a necessary extra 
to the above times. For very small articles Avhich 
require proportionally rather more handling than larger 
ones and which get uncomfortably hot during the process a 
small addition should be made— say 5% to the basic time. 

Nickel Plating. It is not possible to give reliable figures, 
but as a guide for estimating the process cost of nickel 
plating ma}^ be taken as 4d. per square foot when it is 
done in a still vat. 

Chromium Plating. The process cost of this, plus that 
of the preparatory coat of nickel, may be estimated at 
yd. per square foot. 

Shot Blasting. 100 square inches a minute is an 
average rate for blasting small tools and miscellaneous 
work. Plain work of large area can be done at the rate 
of I square foot per minute. This includes removing 
heavy scale, and both rates can be maintained, i.e. they 
include fatigue and other allowances. The process is 
extremely unhealthy and automatic plants which free 
operators from danger to lungs should be more rapidly 
developed. It is found that two operators working in 
the cell alternately for periods of about hour, can do 
nearly twice as much work as one man in the cell the 
whole time. The outsider can prepare work for his mate 
as well as recuperate. 

Heat treating steel. It is not worth while distinguishing 
between different treatments vuth great nicety. Annealing 
or normalizing ma}’’ roughly be taken as equivalent in cost 
to the two heats which are given to obtain the required 
hardness or strength. The process cost for the pair of 
heats is about 2/- per cwt. when the furnaces are worked 
night and day regularly. In the average engineering 
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works 3/- per c'wt. is a reasonable figure. The process cost 
includes fuel, wages, upkeep, and all other oncosts (see 
Chapter XI). ^^%ere furnaces are not worked continu- 
ously the expense may be nearty doubled 

Carbonizing or Carburizing costs about 8/- per cvrt. 
under the most favourable conditions, loj- per cwt. may 
usually be considered satisfactory, except for large scale 
plants; but for small plants, worked intermittentlv, 
14/- or 15/- per cwt. is a more likely process cost. Of 
course the depth of penetration required afiects the 
figures: the above appty to depths averaging inch 
The expense of the t^vo heats and quenchings after 
carbonizing is included in the cost. 

Nibbling is quicker and better than ox3^acet3dene 
cutting for thin sheets — ^less than inch thick — and is 
applicable to materials other than mild steel. Allovr 
30 inches per minute for sheets less than xV bach thick, 
and 20 inches per minute for thicker ones. These rates 
are for one cut. Marking ofi or attaching a template is 
extra. 

Small die-castings in a zinc base allo}’’ are beconaing very 
popular for such components as covers, frames, orna- 
ments, and brackets. Pro^dded the cost of the dies can 
be distributed over suEdcient production to justify the 


initial outlays, these castings are preferable to brass (unless 
there is soldering to be done) and much cheaper, ^mall 
die-casting machines making components weighing a fe*-r 
ounces can be operated at the rate of 150 shots per hour 
on a day^h run. There may be one or several components 
per shot, according to requirements and machine capadiy. 
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PROCESS LAYOUTS AND COST ESTIMATES 

It is useless to go to the expense of preparing master 
process layouts if they may be ignored in the workshops. 
This implies that they must be competently made. The 
planning engineers should be men specially trained and 
gifted. Foremen and superintendents are, or should be, 
chosen mainly for their administrative ability. Few of 
them have had the night training and experience to 
qualify immediately as successful planning engineers; 
but, by a confusion of thought, it is commonly assumed 
that because a man has had a long and successful experi- 
ence in shop management he must necessarTl}^ be also a 
master of technique. In practice a man can manage a 
shop successfully if he can control men and has the 
organizing ability to keep production flowing. He need 
not be an engineer in the technical sense. 

A planning engineer should have had a good general 
education. He must have, at least, sufficient knowledge 
of pure and applied science to understand what he is 
about. Several years’ workshop experience are essential, 
of which a large proportion has preferably been spent in 
the tool room, and some in inspecting and testing. After 
this he should have had a year or two in a good jig and 
tool drawing office. Then he will be ready to take up 
planning. 

To ensure that layout instructions are followed, piece- 
work pay should be withheld if work is carried out 
contrarily; the contract with the operators should 
contain a clause enabling this to be done. Yet it must 
not be understood that suggestions for alternative methods, 
whatever their source, shall not be considered and adopted 
if they have merit. The majority of suggestions fail 
because they are based on imperfect understanding of all 
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This forms a frame, to be improved as further consideration 
shows to be desirable, about which the master layout 
may be built later. The proper layouts to send to the 
cost and wages offices are copies of the rate fixers’ or shop 
layouts. These represent the actual procedure and may 
be used as the rate fixers’ contracts with the operators. 
The times estimated by the planning engineer will some- 
times exceed and sometimes fall short of those contracted 
by the rate fixer. The divergence should be trivial and 
the result may be considered satisfactory when the sum 
of the contract times is not greater than the estimate. 
Should there be any great adverse difference, say more 
than 10% in any of the operation times, the rate fixer 
should not fix the price before the planning engineer has 
investigated and, if possible, improved the conditions so 
that the estimated time shall not be exceeded. It is 
permissible to arrange a temporary price or time which 
will be reconsidered at frequent intervals until either 
conditions are made better or it is decided to stabilize 
them. Such contracts must be plainly marked "Tem- 
porary” or "Provisional” so that no doubt or argument 
may arise later. 

Planning is usually done more efficiently by properly 
qualified specialists than by foremen, ratefixers, super- 
intendents, or tool designers. It is expensive, but not an 
extra expense, because the work has to be paid for in any 
case. It pays to have it done weU. 

Even for smaU-quantity production a few formally 
prepared process layouts ^viIl save much time and scrap 
in the case of the more difficult components. Piece-work 
is recommended, too, not so much to hurry the men as to 
stimulate or assist the management. This applies to 
tool-rooms and experimental shops as well. It has even 
been successfully applied to typewriting. 

A capable planning or efficiency engineer can give 
useful service by advising on the purchase of plant, 
guiding tool design, improving shop conditions, and m 
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many other ways, besides preparing- process layouts, 
although it is through them that most of his advice or 
instructions are conveyed. 

The art of making process layouts can be acquired 
only by practice. Every one represents a great deal of 
thought, which, however, generally proceeds along on 



Fig. 43. Dr.wving a M.S. Cup 


main track. The nature of this track vdll be indicated by 
the examples. 

A skeleton layout is to be made for producing the mild 
steel cup shovm in Fig. 43. 

The first question is “ How many ? ” 

It looks like a press job, considering the material, but 
a few could be turned from bar or spun from sheet. Let 
the quantity be 10,000. It is then definitety press work 
and would be bought finished if no suitable presses were 
available. 

What is its function? Altemativety, what degree of 
accuracy or finish is desired? The drawng is clear; 
limits are specified. 
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A single action drawing press will be suitable. The 
end must be trimmed after drawing as it will be ragged. 
The diameter of the blank may be got by the method 
described on page 182, or from the formula— 

D 2 = 8 r (h -b I), 

where D = diameter of blank, 

r = radius of finished shell, measured inside, 

and h = depth of shell, measured inside. 

The ^ inch added to h is to allow for irregularities and 
trimming. For long shells of small diameter the we 
method is not so well adapted but it can give satisfactorj' 
results if the work is done carefully — ^preferably on a 
drawing twice full size, the suspension being by means 
of a thin thread hitched to the wire to prevent slipping. 

From the formula 


D 2 = 8 X i (I -f J) = If 
D = 1*32 

It win be near enough to take D = inches, the | inch 
allowance being slightly larger than necessar}% If blanked 
singly from strip the strip vdll be ijV inches wide. 

The blank is thick in proportion to its diameter, hence 
the first draw can bring its diameter (measured inside) 
to 30% less than ifg- inches or 0-918 inch diameter. The 
arithmetic may be set out concisely thus — 


Blank dia. 

1st reduction 30% 


I A = 1-3 12 
-3936 


Cup diameter . . . * 9^8 

2nd reduction 30% . . '2754 


Cup diameter . . . '643 

3rd reduction 20% . . 'I2S6 


Cup diameter . . . ' 514 ^ 

4ta reduction 20% . '102S 
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Smce the 3rd reduction results in a cup so near to the 
desired size the first three reductions could be slightly 
increased mth dra^ving material of good quality. Then 



Fig. .(4. Raising a Small Brass Component 


three draws would suffice. Alternatively, four easy draws 
could be retained. Assume four draws, the diameters 
being inch, inch, fg- inch, and i inch. The even 
sizes might enable stock tools to be used. In some 

S-(B.hS9) 
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districts single action drawing of this kind is termed 
raising. Annealing will be necessary before every draw 
except the first. 

The skeleton layout can now be written down, and 
later, the basic times (or P.W. times if preferred). 


Minutes % 

I. Shear i6 S.W.G. strips i/g in. wide 

72 in. long .... Guillotine 20 


2. Blank in. dia. . . . Press 3-7 

3. 1st draw -Jf in. dia. . . . Press 11-7 

4. Anneal 

5. 2nd draw in. dia. . . . Press ii‘7 

6. Anneal 

7. 3rd draw 3^5 in. dia. . . . Press 11*7 

8. Anneal 

9. 4th draw in. dia. , . . Press 11-7 

10. Trim to length and burr . . Capstan 25 


Setting-up times are not included 


Unless the operation times are given on the layout, 
much of its value is gone. It gives, then, practically no 
information which will be useful to ascertain the requisite 
plant capacity. 

The actual drawing press operation times wib be about 
5 seconds (with a press making 30 strokes per minute) 
but the fatigue and tool allowance add another 2 
seconds to this. It is important to remember that 
the gublotine time for operation i is per strip con- 
taining 50 blanks. Annealing time can be given for 
the handling involved but more usually a tonnage basis 
is used for payment. 

In the next example (Fig. 44) the shape of the blank 
must be found by trial but its size may be obtained 
approximately by measuring wth raffia round the inside, 
leaving out the small dome because that will draw the 
metal thin locally and scarcely afiect the size of the 
blank, though it may increase the bight by a small 
amount on the centre line. 

It follows that a strip 2f inches wide by yz inches long 
wib make 26 blanks. 





( 


L 


Yg" BRILL. 
ll^fyNHlT. 



f^/32'’ BRILL. 





PROCESS LAYOUTS AND ESTIMATES 


217 


W. . . • ^ £■ - ^ 

Blank and raise the centre 
Trim and pierce 


Polish . 

Nickel plate . 
Polish . 
Chronium plate 
Polish . 


Minutes % 
in. Guillotine 20 

. Press 

9 

Press 

15 

[; . Press 

II 

. Mop 

100 

. Vat 

Process 

. Mop 

35 

. Vat 

Process 

. Mop 

18 


Setting up is not included 


In operation 2 allow long feed and about 2 seconds per 
blank for removal since it cannot be pushed through. In 
operation 3 the trimmed swarf has to be cleared away, 
which accounts for the difference between this and 
operation 4. 

In Fig. 45 is shown a component which can be produced 
in a variety of ways. The final choice will depend ^ to 
some extent on the plant available and the planning 
engineer’s personal preferences, but his line of thought 
will be somewhat as follows — 

The quantity required is 20,000, at the rate of $00 a 
week, therefore it will pay to tool the job well. 

Cast mild steel is specified as the material. Wou 
stampings be cheaper? No, for they would be solid and 
waste material and time, although cheaper per poun 
weight. 

Should the 4 x if flange be machined first and tne 
boring of the long hole foUow ? No, it would be easier 0 
complete the hole first and locate subsequent operations 
from that; although the flange is a fair size, the com 
ponent could be better held in chuck jaws for tie^ ong 
hole, and the fixture to locate from that while machinint^ 

the flange would be simple and rigid. 

The li inch diameter boss requires facing on a 
machine, a lathe, or by milling. The | inch diameter 0 e 
through the boss if inches long should be done e ore 
gash is cut. Hence the operation list will be, tentatively— 

(i) Bore, face and screw long hole. 
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( 2 ) Mill 4 X i| flange. 

(3) Face inch diameter boss. 

(4) Drill all the small holes. 

(5) Pinface small bosses and countersink all tapping 
hole. 

(6) Tap 2 holes. 

(7) Saw \ inch gash. 

(8) Burr (or fraze) as required. 

For estimating the probable cost of machining this list is 
near enough; it covers the work to be done, although 
perhaps not in the correct sequence or in the most 
economical manner. 

^^Tiat kind of machine shall be used for operation i? 

An automatic turret machine would be best if it v/ere 
not for the screw thread. If that must be dead true it 
ought to be chased before sizing %vith a tap, and that 
might require a hand operated machine. Ivloreover, 
gripping the thin shell vrould deform it and the screw 
would not be true when the component was released from 
the chuck. Perhaps it would be better to machine the 
flange first, after aU. Besides, to locate for milling the 
flange off the |- inch diameter and the scre^y would not 
be satisfactory, unless a rather special device were made, 
and it would need frequent renewal, for the thread has a 
fine pitch. 

But further examination and enquiry shov/s that the 
screw %viil be quite satisfactory if onlj/ commercially 
accurate; moreover the inch distance dimension bears 
the limits ’Oio inch. Hence the thread can be tapped 
without chasing first and a mandrel v/hich fits its core 
diameter •wiU be quite near enough to locate for machining 
the flange. Alternatively a register could be bored or 
turned at the end to facilitate this location. Tnis could 
not be done without permission from the draiving omce. 
Anj’Avay an automatic machine can be used for the first, 
operation. 
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The next problem is, how long will the operation take ? 

For the rough estimate assume So cuts per inch for the 
boring feed and, to avoid niceties in allowing for the 
retard while rounding the end of the cam, take the 
length of travel to be an inch longer than reality. 
Cross-slide facing need not be taken into account in this 
example because the facing %vill be done during the 
boring. 

There wiU be four turret faces available, the last being 
reserved for the tap. The first turret face can be used 
for drilling the | inch hole to -}| inch diameter; it \vill 
be alreadj^ cored and the So cuts per inch vdll do. 

There vill be no time when maldng a quick estimate to 
stud)’ the speeds available on the machine, but reference 
to Table VI shows that under good conditions a -Jl inch 
drill will penetrate i inch in 15 seconds. In this case the 
distance to penetrate wiU be about f- inch but the speed 
will be low and 30 seconds will probably be required with 
the retard. 

1st turret face. . . . . *30 sec. 


The second face can be used for rough boring all the 
diameters and facing the bottom end. The dimensioned 
length of the longest cut is inch. To allow for in- 
equalities and the lag at tlie end of the stroke this may 
be reckoned as inch -r i inch or, near enough, 
2I inches. The i inch includes i inch retard and J inch at 
each end for tool overrun. At 70 feet per minute the 
r.p.m. win be about 150. It is as well to keep on the low 


side for the present purpose, 
seconds = So seconds. 


The time wiU be 5/2 x 


Sox 60 
150 


2nd turret face. ..... So sec. 

3rd turret face. . . • • . So ,, 

The 3rd face will repeat the second but take finishing 
cuts. For the 4th face the speed must be reduced to 
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about 30 r.p.m. Perhaps, the thread being fine, a collap- 
sible tap can be used. The distance travelled may be taken 

as 2 inches and the time will be 2 x — ^ seconds 

30 

4th turret face 8o sec. ' 

Indexing four faces . . . . . 25 „ 

Loading, handling, and gauging . . . 90 „ 

Total F to F time = 385 sec. 

Tool and fatigue allowance should be about 40% con- 
sidering the number of tools cutting together, and that 
it is not certain (since the whole position has not been 
studied) that the operator will be able to keep aU his 
machines running fully. Hence the operation time will be 
9 minutes. 

The obvious way to machine the 4 inch x if inch flange 
is to face mill it. Should there be one cut or two ? Should 
one or more be done at a time ? 

For the quick estimate, assume one on a simple fixture. 
It is ascertained that the base must be flat but need not 
have a fine finish, therefore one cut will suffice; but 
assume the moderate travel of 3 inches per minute. 
The distance to travel will be 4 inches plus the overrun, 
say 5 inches. Hence cutting plus returning will take 
practically 2 minutes. Similarly loading plus tool atten- 
tion will amount to i minute, giving a FFT = 3 minutes. 
A suitable basic time will be 3|- minutes. 

-A good way of facing the inch diameter boss will be 
to hold the component on a fixture on a centre lathe. To 
ascertain the cutting time assume one cut at a very fine 
feed instead of two coarser cuts. The distance to travel 
will be, allowing for overrun, about f inch. 

Cutting time at 100 cuts per inch and 90 feet per 
minute speed 

f X 100 X 60 , 

= = IS seconds. 

240 

It will be observed that the figures have been adjusted 
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slightly to simplify the arithmetic, which is quite justi- 
fiable in such cases. The basic time mtII be minutes 
made up by — 

Loading and handling . . . . J min. 

Cutting . . . . . • i .. 

Tools and fatigue . . . . . i ,, 

The next business is (MUing the small holes. 

There are — 

2 holes J.f in. dia.. . . . . J in. deep 

1 hole |jin. dia.. . . . . 2 in. ,, 

I hole ijin. dia.. . . . . J in. „ 

I hole -330 in. dia. . . . | in. „ 

Each hole, it will be noted, has an amount added to its 
depth to cover the drill point penetration. The total 
distance is 4^ inches. The long hole ttill require with- 
drawals of the drill, so call the total distance of penetra- 
tion 5 inches to allow for it. At 4 inches a minute the 
cutting time will be minutes. 

Loading . . . . . • • f min. 

Handling. . . . . . . 4 „ 

EFT 24 .. 

Basic time . . . . . • 3 „ 

Handling includes 4 drill exchanges and 3 jig turn overs. 


Pinfacir.g and countersinking- 
Load 

— 



. ^ min. 

Pinface 6 




* I ^ »> 

Countersink 2. 




1 

* < •* 

Handlins: and gauging 




- I 

FFT 




• 3 .. 

Basic time 




• si 

Tapping— 

Load 




A min. 

Tap 2 . 




• » » 

Handling and gauging 

. 



• ^ *1 

FFT . 





Basic time 

- 



• “ #» 

Satt-ir.g i in. gash — 

Load 


. 

. 

. 1 min. 

Saw and wnd back. 




• » »» 

FFT 




• i ,, 

B.isic time 




• .. 


A basic time of 2 minutes should suffice for frazing. 
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It will be noted that I minute is the smallest fraction 
reckoned and that the constituents have been slightly 
varied for simplicity. For example, in sawing | minute 
is probably too long for the cutting and so the wind back 
has been included. The estimator will have made scarcely , 
any reference to tables — there is seldom time when quick 
results are wanted. It is essential, therefore, for him to 
know all the data by heart: he should know the times 
for all the constituents as given in the preceding tables 
and also those noted by himself, though this knowledge 
alone will not make him a competent estimator. 

The above results may be summarized in the form 
sho\vn below, which is a skeleton layout. If the time 
allowances or prices are given instead of the basic times, 
a copy of this layout may be used as a contract note for 
work done in the shops, as previously stated, if the rate 
fixer has settled with the operators. 


Op, No, 

Operation 

AI/c 


I 

Bore face and tap , 

Auto 


2 

Mill flange . . , . 

Milling 

3 i 

3 

Face boss .... 

C. lathe 

li 

4 

Drill small holes . 

Sen, drill 

3 

5 

Pinface and countersink. 


3i 

6 

Tap ..... 

ft 

2 

7 

Saw ..... 

Milling 


8 

Fraze ..... 

Bench 

2 


To find the labour cost the piece-work times or prices 
must be calculated. The man who operates the auto- 
matic turret lathe will work a group of, say, 4 machines, 
and his basic time would amount to 9 -4- 4 == 2 J minutes. 
The sum of the times for all the operations equals i8f 
minutes. With 25% added for piece-v/ork the total 
amount is 23|- minutes. 

Where the "cost of living” bonus has been merged 
into ordinary wages and ranks for piece-work, the value 
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in mone}* of the 23^ minutes is 5-od. when the day-work 
rate is 50/- a week. Generali}’’ this bonus is separate. 
A da\’-work rate of 40/- plus 10/- would bring to the 
operator, for i8f minutes at time and a quarter (see 
page 15)— 

iSJ min. piece-'work pay at 40s. day rate . . . 4-od. 

iS| min. at los. per 47-h.r. week .... o-Sd. 

Total .... 4-Sd. 

To simplify the arithmetic the estimator needs a table 
similar to those on page 15, but calculated as above with 
the “Cost of Lhdng” bonus included. He will choose 
the wage rate which when apphed to the whole of the 
operations, as in the above examples, will \deld a labour 
cost not below what is likely to result in practice. The 
rate of pay may be variable but for much estimating 
there is no time for considering the operations separately 
and a fair representative ^vage rate must be assumed. 
It will not often be the a%'erage rate and can be arrived 
at only by examining the records of similar work done in 
the past. 

The master process layout for the component is shoum 
in Figs. 46 to 49. The left hand column contains ail the 
necessar}’ calculations, the time, in seconds, for each 
movement, and the total FFT. If the other matter is 
not self-explanator}' the layout is a partial failure. It 
should be mentioned, however, that the speeds and feeds 
to be used in the first operation have been chosen from 
the possible ranges on the selected machines. 

The ke}’ speed is that for tapping and this makes the 
boring speeds rather slow. The feeds, too, are fine, not on 
account of inadequate power, but because, as already 
mentioned, small cutters mounted in spring}’ bars soon 
fail imder hea\y cuts. The original scheme is substan- 
tially adhered to but improved in detail and refined. 
The master layout sets a much higher standard of 
efficiency and shows the works e.xactly how to obtain it. 
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Fig. 46. Master Process Layout. Sheet i 
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Fig. 49. Master Process Layout. Sheet 4 
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Layouts for assembling operations may be made 
similarly to those in Fig. 46. It is desirable to specify all 
the parts (not forgetting tools and apphances) used, thus — 
Assemble and adjust to inspector’s reauirements — 

1. Bracket . . . Part No. 243/1 

2. Straps ... „ 244/2 

4. Screws ... „ S. 167 

4. S. washers ... „ S. 349 

etc. 

This information will appear in the Operation column 
in the layout sheet. 

The next business in making an estimate is to ascertain 
the value of the rough component as it is supplied to the 
machine shop. The bulk of raw material is bought by 
weight, hence, knovdng the usual price charged per pound 
or ton, one can ascertain the value quickl}^ as soon as the 
weight is known. There are plenty of inexpensive books 
on mensuration obtainable, and most of the engineers' 
pocket books contain all the formulae v.'hich are likely 
to be needed for weight calculations, so they vdll not be 
given here. The easiest and best plan, of course, is to 
weigh the rough components when possible. When the 
weight must be found b3'^ calculation approximations 
should be largely used; a certain amount of intelligent 
guessing is justifiable for some of the minor details when 
the bulk of the weight in the component has been found. 


TABLE XL 

Weight of Materials — Le. per Cubic Ikch 


Material 

Average 

Value 

.Approximate 

Value 

Aluminium 

0-095 

0*1 

Brass (cast) 

0'29 

0-3 

,, (sheet) , 

0-31 

T 

Bronze .... 

0-31 

1 

Copper .... 

0-32 

1 

- 9 - 

Ebonite .... 

0*05 

ro 

Fibre (nilcanized) 

0-46 

:u 

Iron (wTOught). 

0-28 

0-3 

„ (cast) 

0-26 

0-3 

Mica . . . . 

O-II 

c 

Steel .... 

0-28 

0-3 
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The approximate value ma}’- safel}^ be used for castings, 
forgings, and small articles. 

A point to remember ^vith all castings and forgings is 
that the actual volume and Aveight aatII be greater than 
expected if the drawing dimensions form the basis of the 
calculations and the ordinary figures of weight per cubic 
inch or foot are used. The reason is that drawings give, 
in practice, minimum sizes. The rough components made 
to those drawings will be thicker and hea\ier. Exceptions 
are few. On account of this fact it is wise to use weight 
factors w^hich are larger tlian those usually given in 
tables and the}^ can be chosen to simplify the arithmetic. 
This practice is altogether easier and quite as accurate 
as guessing how much larger than the intended sizes the 
rough component will actually be. It is much easier, for 
instance, to mxiltiply by 0-3 than by 0*28 and definitely 
more satisfactory if ^e drawing sizes are used uncorrected. 

Table XL gives the weight factors for a few' common 
materials. The left hand column shows the weights per 
cubic inch usually listed and the right hand colmnn the 
equivalent w'hich it is justifiable to use for estimating. 


TABLE XLI 


M.aterial Prices per Lb. 


Aluminium sheet 

„ die castings 

,, Bronze die castings 

Brass sheet , 
castings . 

,, rod (standard section) 
Iron castings 
,, malleable castings 
Fibre sheet 
M. steel sheets . 

„ „ (deep drawing) 

,, bars (bright) 

stampings 
,, tube 

Solder .... 


I I 

r i| 

I - 

S 

S 

5 

2 (average) 
5 

1 6 

li 

4 (average) 

SJ 


The next fist. Table XLI, indicates prices for some 
common materials. Such figures can only be temporarily 
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serviceable in a very limited way. Moreover very much 
depends on the quantities bought and the keenness of the 
buyers. Another factor is whether the charge for deliver- 
ing at the works is included in the price or not. Small 
firms who buy small quantities often pay nearly twice as 
much for their supphes as do large buj-ers. Current prices 
may be studied in the trade journals. Of course these do 
not apply to special requirements, for which in any case 
the charge ^vill be much higher. If tenders are obtained it 
wiU. be found that the figures vary %videly, especially vrhen 
machined or partially machined components are bought. 
The variations ma^^ be due to wrong estimates, to difihrent 
interpretations of the customer’s requirements or to 
facilities which a firm may have or lack as compared vith 
others. The two last are by far the most important. 

The cost of patterns, casting and stamping dies, gauges 
and tools is not included in overhead charges when they 
have to be made specially for one contract. If only a 
few sets of components are required the expense of each 
set ma}^ be veiy^ much increased b}* the cost of the patterns, 
however economically the}^ are made. Special tools will 
be restricted, too, to the essentials necessarj'^ for securing 
acctuacy or interchangeability. It is easy, however, to 
settle what is appropriate when quantities are either 
small or large; the diffi culty arises for intermediate 
numbers and the onl}' way to determine the matter 
satisfactoril}'- then is as explained in the next chapter. 
For the immediate purpose it is only necessary to state 
that the cost of special patterns and tools must be 
charged against the product. 

Something towards obtaining a reasonably close 
estimate of the cost of patterns may be done hy referring 
to past records of similar vcork. 

If possible this should be supplemented bj* calling^ tn 
the aid of the pattern shop rate fixer or foreman. Skihed 
ad%dce is desirable because the quantity’’ of castings 
required off a pattern may affect the way^ it %viil be made , 
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and in any case these specialists mtU be able to save a 
great deal of the estimator’s time, replace guessing by 
practical certamty, and, later on, if the contract is 
secured, take decisive measures to prevent the estimated 
costs from being exceeded. 

Similar remarks apply to dies and all other tools. 
Toolroom foremen, for instance, generally have a fair 
idea of the cost of making tools. It is part of their job. 
The old-fashioned machine shop foremen, too, often could 
estimate closety b}^ looking over a drawing or sample. 
But few modem machine-shop foremen can tackle the 
whole course of manufacture of even a single component. 
Thej^ are mostly specialists, and rate fixers are, in general, 
far better guides if ad\ace is sought on production times. 

Oncost or overhead charges ma}’’ be added to the prime 
cost of each component, or, more conveniently for quick 
estimating, to the set of components in each assembled 
unit. For definitions of oncosts, etc., reference should be 
made to Chapter XL 

Some data for process costs were given in Chapter IX. 
Process costs or charges are production costs which 
cannot convenient!}' be treated in the ordinary way 
because of difficulty in allocating a time for each com- 
ponent separately or because the labour-time basis is 
unsuitable, being perhaps trifling as a charge compared 
vith other e.xpenses which may not var}' directly with it. 
It viU be found simplest to include overhead charges in 
the process charge. Some estimators include only labour 
and indirect materials or some other combination of 
partial costs. It is difficult to understand why. 

The cost of each unit will be the sum of the costs of all 
the components, plus the assembly cost and all the bolts, 
washers, etc., used in that process. Similarly the cost 
of the whole machine or apparatus will be found by 
adding together the costs of the units and assembling 
them. 

Some of the units may have already been painted or 
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enamelled or the whole of that process may follow testing. 
Painting is sometimes added on as an overhead charge, 
but it is better to reckon it as a part of direct production 
in the form of a process cost. 

Testing and adjusting also are often included in over- 
heads, probably because they are associated with inspec- 
tion, which generally is an overhead charge. It is better if 
possible to rank them with production; many firms on 
intensive production pay for them and any adjustments 
or rectification found necessary on a piece-work basis. The 
argument against it is that the work may be scamped, 
but this is not found to be the case when supervision is 
good and each man’s work is booked to him carefully. 

Testing procedure can be planned on exactly the same 
lines as other forms of production, and a layout sheet 
made to match the test report sheet. 

Packing may be treated in the same way. The whole 
of the materials used can be specified and times allotted 
to the various operations similarly to the method shown 
for assembling. 

The cost of delivering the completed work to its 
destination may also have to be added. This cost should 
be obtained as required from those who will carry out 
the work. 

In some classes of work there will be erection and 
testing after delivery and possibly service afterwards. 
No rules can be given. When possible the cost should be 
charged direct to the job but sometimes it has to be 
included in the oncost or surcharge. 

Patent royalties should be charged direct, but fre- 
quently the estimator has no knowledge of these and 

I y are added with certain other charges to his estimate 
fif the work or factory cost, as shown in the next 
chapter. 

Rough estimates are usually summarized as sho\vn 
below, the cost of the various items having been pre- 
viously ascertained, as already indicated. 
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Part j 

1 Part 1 
No. j 

INo. 

[Off. 

j Slaterial 

Mins. 

Lab. 

Process 

I Charge 

Base .... 

1458 

I 

£ s. d. 

4 61 

■1 

s, d. 

Pedestal .... 

3142 

2 

2 S 


— 

Cap .... 

3143 

2 

I 6 


— 

Cover . . . . 

2301 

1 

3 

320 

I 6 

Total . 

1 

i 


;^S 6 4 

10,740 

1 

7 9i 

1 


10.740 mins, at is. 6d, per hour = £1^ 8s. 6d. 

£ s. d. 

Special tools . 79 10 - 

Patterns . 34 10 - 

/114 - - for 50 sets = ;f2 5s. 7d. per set. 


Summary — £ s. d. 

Jblaterials. . . . . . S 6 4 

Labour . . . . . . 13 S 6 

Overhead at 150% . . . . 20 2 9 

Process charge . . . . . 7 95 

Tools and patterns .... 257 

Estimated cost per set . . ^^44 10 iii 


This cost includes no allowance for contingencies, pack- 
ing or despatch. 

This form of estimate is the most common. It can be 
prepared rapidly, especially when the labour calculations 
are made as on page 219. The oncost or overhead charge 
of 150% is a common average figure. It must include 
machine setting up charges unless these are reckoned 
elsewhere. The matter of oncost rating is more thoroughl}^ 
studied in the next chapter, so it is unnecessary to consider 
it further here. 

There are books dealing entirely with the preparation of 
estimates for tendering and to them those who require 
more detailed information on the subject are referred. 
Here the bare principles have been indicated for what may 
be called workshop estimates as prepared by foremen or 
production engineers, and for their purpose no more is 
needed as a rule. Should it be, the aid of a cost accountant 
is desirable, or a professional estimator. 













CHAPTER XI 


WORKS ECONOMICS 

It is necessary to commence this study by defining the 
terms used. The variations in meanings which different 
people give to the same words cause misunderstanding 
and confusion. Before the cost data of any works can be 
properly appraised by an outsider he must ascertain how 
the various terms are used, what they include, and what 
they omit. 

For the present purpose the total cost of a product is 
to be considered as being made up of expenditure under 
four heads : 

Materials 

Labour 

Oncost or Overhead Charges 
Surcharge. 

The word "materials,” unqualified, means direct inaieriah ; 
that is, those which are either wholly or fractionally 
present in the finished product. Indirect materials are 
used during the processes of manufacture but do not 
appear in the finished product. Examples are: polishing 
materials, fuel, anti-hardening paint, lubricating and 
cleansing oils. 

The cost of these is generally included in the overheads 
because it is not easy to allocate a fair share to specific 
units by other means, nor is it often necessary to make 
the attempt. 

Labour, unqualified, means the labour which is directly 
engaged in production, such as turning, grinding, or fitting. 
Indirect labour is employed to assist the direct producers 
and is necessary for them to work efficiently. The division 
between direct and indirect labour is hazy. It is more a 
matter of book-keeping than anything else. If a labourer 
is permanently working with a gang of erectors his time 
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can be definitely allocated to the job they are doing, and 
he is a direct producer unth them. But a labourer who 
helps several mechanics in turn, perhaps doing a little 
sweeping between times, would generally be ranked as 
indirect because it would make his time records too 
complicated (and they would seldom be accurate) for him 
to book his time against the various jobs he helped along 
or did during a day. Indirect labour is conveniently 
treated as an oncost. 

That the distinction between direct and indirect labour 
is merely one of book-keeping should be firmly grasped 
because too often it is assumed tliat the direct variet}'’ is 
more necessary, or more important, than the other. 
One may as weU assert that a centre forward is more 
important than a goal-keeper. 

Oncost and surcharge are frequently taken as one and 
given other names, such as burden, estabhshment or 
overhead charges, or indirect expense. Here they viU be 
separated for reasons which will presently be seen, 
overheads or oncost being limited to mean those indirect 
expenses which appertain to the manufactory or works 
and are largely, though rarely entirely, under the control 
of the works directors. 

Surcharge includes the higher administrative expenses 
and other charges which cannot fairly rank in the over- 
heads (such as some legal and other professional services, 
selling expense and ser\ace after sales) because not under 
works control. 

Overheads may be divided into fixed and running 
charges. Fixed charges are those which varj' little whether 
the works be busy or slack, such as rent, rates, depreciation, 
salaries of the higher ofiicials, and so on. Running charges 
vary, though not proportionately, with the amount of 
works actmty. Examples are wages of inspectors, general 
labourers and minor members of tlie staff, power supply, 
maintenance of small tools, etc. The surcharge may be 
similarly di\uded, but variations in general administration 
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or selling expenses rarely S5mchronize with changes in the 
amount of works production. 

Material cost plus Labour cost = Prime cost. 
Prime cost plus Oncost or Overheads = Production cost. 
Production cost plus Surcharge = Sales cost. 

Sales cost plus Profit = Selling price. 

These relations are shoum graphically in Fig. 50. 



It also indicates other relations which vill be referred 
to later and is, in some sense, a definition of them. In a 
similar way Fig. 51 shows how labour cost is built. 

If an organization A have a Works W and a selling 
organization S under its general direction, but does nothing 
else, its expenditure can be divided into three parts — 

(1) That which is directly on account of W. 

(2) That which is directly on account of S. 

(3) General expenditure to maintain itself. 
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It is obvious that all three are expenses which must he 
added ultimately to the sales cost of the product. One 
may consider A’s activities on behalf of W and S as its 
production and its general expenditure as its overheads. 
The last amount must be distributed between W and S 
as seems fitting. It is indicated in Fig. 50 by the shaded 
areas at W and S. 

The works could not exist and run without A, conse- 
quently the works cost is found by adding to the production 
cost the amount of item i as indicated diagramatically. 
Similarly the addition of the whole surcharge to the 
production cost results in the sales cost. If the product 
were sold at sales cost there would be neither profit nor 
loss. 

In practice A is usually bound up so intimately with 
W and S that the functional distinction is not plain at 
first sight. Y et it always exists, even in a one-man concern, 
and if that is remembered the business of overhead and 
surcharge distribution becomes comparatively easy. 

Of course the steps in the diagram are not to scale; 
they merely show roughly the order in which the various 
items may conveniently be considered. Usually it is 
convenient to assess the surcharge as a percentage of the 
production costs. 

This is probably as good a way as any since the more 
expensive the product, the more it can reasonably be 
expected to carry of the general administration and sales 
cost. Certainly it is wrong to vary the surcharge with 
the wages of direct labour alone. The percentage used 
need not be invariable for all products ; it may be adjusted 
at the discretion of the general management to suit differing 
circumstances. Neither overhead nor surcharge as used for 
estimates can be allowed frequently to vary. What may 
be termed normal rates should be used ; the current rates 
fluctuate with the state of trade and in the directions 
which are not helpful towards stability. 

As far as possible each item comprised in overhead 
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charges should be shared its related production units 
in proportion to the benefit they obtain by using it ; and 
the sum total of their shares should, as nearly as possible, 
equal the total cost of that item; while the total of aU 
the shares of the several times should equal the total 
overhead. This is an ideal which cannot, in engineering 
works, be perfectly attained because the conditions change 
too rapidty and in too complex a manner for accountancy 
to keep pace. 

Many firms add a percentage to the cost of materials 
to cover the cost of handling and storing them and to 
allow for wastage. The amount is usually 5% or 10%. 
This is quite reasonable but seems unnecessary. The 
material is stored for the benefit of production and the 
production overhead may well include the expense. Wast- 
age is on a different footing. There is little waste on finished 
components such as ball-races, instruments, and units 
which are bought in ready for assembling. On items such 
as bolts and washers there is sure to be some loss. The 
waste in cutting up bars and sheets is always consider- 
able. By careful planning it can be minimized and the 
best way to control it is by specifying on the layouts the 
gross amounts which wUi be needed to make a stated 
quantity of finished components, not allowing for faults 
in materials or workmanship. The average expense of 
rectifying or replacing defective parts may usually be 
reckoned as part of the overhead unless there are special 
circumstances. 

Sometimes overhead charges are reckoned as a per- 
centage of the prime cost, generally somewhere between 
50% and 100% of that. Where the range of production 
is extremely narrow and seldom changes this method 
averages out fairly well. But it fails to give true com- 
ponent costs and will fail if the ^’^alue of the raw materials 
alter, or a different kind of production is undertaken, 
unless a suitable adjustment is made to the percentage. 

The commonest way of estimating overhead is as a 
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percentage of the total direct labour cost. It is often 
used estimators to obtain quick results. 

It does not give a true component cost or a true nro- 
duction cost when varied manufactures Sov.- throath 
together. The method of obtaining the percentage is to 
take a suitable period and to compare the total direct 
vnges vith the oncost expenditure during that time, 

A far better plan is to take departments instead of a vhoie 
vrorks and to assign to each its ovm percentage of oncost 
in just the same tvay as that recommended for process costs. 

But the vrorst feature of the percentage on labour 
method is that it distorts special cases. For instance, 
suppose the tvages of direct labour for doing certain ttoi}: 


amormt to Xioo and overheads are reckoned at 

t y 

]No^v suppose that ’03* better planning and super.dsion 
but no other changes the -wages cost for doing the same 
work is reduced to /80, ^^liat grounds are there for 
assuming that the overhead has also come down to -fSo! 
None! Eventually, at the time for the revision of the 
overhead charge, the new percentage 'wll be found ; but 


that -will be too late for estimates and contracts mace 
meanwhile. Again, if b}’ shift working or overtime the 
men earn ^120 for the same work there is no reason whv 
overhead should also rise to /120. Often, in fact, bv worh- 
ing overtime the overhead is reduced in proportion to 
wages to such an extent that the cost of production is not 
increased, although wages are enhanced. 

The mistake occurs through believing that the over- 
head is a fixed charge in relation to wages, whereas :t :s a 


charge for services or facilities which may be 



independent of the wages expense. If production is 
increased but not changed in style, the total wages 01 
direct labour -wfil rise and so will the total overneac, 
though not on the same scale; as a rule the air.O’J.rA 01 
ihe overhead, charges -per 'Anit of prod'/.dion will fal-i w. 05 n 
the volume of production grows. 

Time happens to be a (rough) measure of many 01 tne 
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items which make up overhead. Wages also are based on 
time; but since they vary considerably \vith the class of 
labour and other conditions it is not generally true that 
overheads vary ^vith wages. It is the oufpui, not the time, 
which has to carry aU overhead expenses. 

For most purposes the best way of distributing overhead 
is on a time basis according to the process. This may be 
done by assigning an hourly rate to each machine or 
production station. The business is always approximate, 
a fact which the most meticulous care or the most elaborate 
system will not alter. Hence it is sufficient to di\dde the 
bulk of the machines (or production stations) into a few 
groups, assigning to each group its proper hourly overhead 
rate, those exceptional processes or machines which 
require it being given special rates. The work of distri- 
buting overhead falls upon the cost accountants, but it is 
desirable for production engineers to have a clear idea of 
tlie principles involved. Records made over a period 
enable an accountant to assign to a given machine (or 
group of machines) an overhead rate depending on — 

(1) The floor space it occupies (because this is a 
measure of its share of rent, rates, general lighting 
and heating, etc.). 

(2) Its book value (because that governs depreciation 
and insurance). 

(3) The amount of supervision, clerical work, store 
keeping, inspection and other indirect labour which 
is necessary for the machine to function properly 
in conjunction %vith the rest of the works. As a 
rule the due amount cannot be entirely calculated 
but has to be intelligently guessed after considering 
aU the circumstances. 

(4) Its consumption of power, special lighting, tools, 
oil, and other indirect materials, crane servnce, etc. 

(5) The cost of maintaining it in good running order. 

(6) The amount of idle time and scrap work for which 
it can fairly be charged. 
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(7) Its estimated share of the general office and miscel- 
laneous expenses. 

The above list is by no means exhaustive: it merely 
indicates some of the principal items which make up 
overheads and the manner of allocating them. 

A typical list of overhead hourly rates may be — 

Per hour 

s. d. 

1 6 Assembling and light fitting 

2 - Erecting, sensitive drilling, and other small machines 

2 6 Small lathes, column and light radial drilling machines; 

small milling machines 

3 - Polishing machines 

4 — Small power presses, larger lathes, etc. ; small autos. 

5 - Medium power presses, medium autos. 

7 6 Hea\^ power presses, drop stamps, large boring machines, 
heavy lathes, and milling machines 

15 - Special precision machines, heavy double action presses 

In practice rates vary widely, partly owing to different 
conditions and partly because some accountants treat 
certain expenses as a direct charge which others rank as an 
overhead. Paint, for instance, can be reckoned as an over- 
head or be charged as a direct material in the process 
cost. The production engineer will be ad\ised b}' the 
cost accountant as to the method of charging, and prepare 
his estimates accordingly. The several machines which 
are ranked to bear, say, 3/- an hour overhead, may not all 
strictly be carrying their fair share. Some should, perhaps, 
theoretically take 2/10 and others 3/2 an hour. A certain 
amount of averaging simplifies matters and will not 
result in sensible error if carefully done. 

As an instance of the different effects of estimating 
vby the percentage and by the hourly process rate the 

flowing example is instructive. I\Iaterial costs are 
gnored. 

A mechanism is made in two sizes. The smaller takes 
100 hours to make and the larger 140 hours on machines 
generally'' heavier than are required for the first. The 
average labour rate per hour is i/- and the overhead is 
reckoned at 200% of w^ages. 
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Small mechanism — 

Labour: 100 hr. at is. . 
Overhead at 200% 


I s. d. 

5 - - 
10 - - 


Large mechanism — 

Labour: 140 hr. at is. . . . . 7 _ _ 

Overhead at 200% . . . . _ _ 

But when the overhead is calculated by the hourly 
rates suitable for the processes used the results are as 
follows — 


Small mechanism — 


£ 

S. 

d. 

26 hr. at IS. . 


. I 

6 

— 

20 hr. at IS. 6d. 


. I 

10 

— 

36 hr. at 2S. . 


3 

12 

- 

12 hr. at 2s. 6d. 


. I 

10 

- 

6 hr. at 3s. , 



18 

- 

Total . 

• 

• 16 

- 

Large mechanism — 


£ 

s. 

d. 

20 hr. at IS. . 


. I 

- 

- 

14 hr. at IS. 6d. 


. I 

I 


36 hr. at 2s. . 


• 3 

12 

- 

40 hr. at 2s. 6d. 


5 

- 

- 

20 hr. at 3s. . 


• 3 

- 

- 

10 hr. at 3s. 6d. 


. I 

15 

— 

Total . 


• £^5 

s 



It follows that if the two mechanisms are made in 
approximately equal numbers the 200% rate will be 
nearly right, since it amounts to ;^24 for a pair consisting 
of one large and one small one, while by the hourly rating 
the overhead for the same pair equals ;^24 4s. od. 

The likely effect of quoting for supplying these mechan- 
isms on the 200% basis would be to lose orders for the 
smaller size since the price is inflated, and to lose mone}' 
on the whole. 

For instance, an order for 20 small and 80 large 
mechanisms would carry an overhead of £1,320 on the 
200% basis. But the hourly rating gives an overhead of 
£1,408. Increasing the overhead from 200% to 214% would 
further penalize the small mechanisms and so, probably, 
not have the desired financial effect. 
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Evidently the proper distribution of overhead charges 
is immensely important when competition brings prices 
low. The fancy that overhead is related to wages in a 
fixed ratio, such as the 200% in the above example, is 
responsible for many wage cuts. If it were a fact a cut in 
wage rates of 5% would, in the example, bring about a 
corresponding reduction in overheads and the business 
would be as prosperous as expected. But that way of 
reducing cost is comparatively ineffective. There are two 
far better policies. One is to analyse aU the circumstances 
and to plan and control more efficiently. The second is to 
estimate the sales possibilities, on the assumption that 
prices could be reduced if the turnover were increased, 
to cut prices (or give increased value) in anticipation and 
then force the sales to the level required to make the 
business sound. All of these three ways are in contmual 
use. The safest and best is that which depends on analysis 
and planning, especially when it is supported by ingenious 
designing, and the application of the more vigorous sales 
pohcy. Although the production or estimating engineer 
may not be directly concerned with sales he can often, if 
he thoroughly understands the principles just outlined, 
influence quotations. By working closely with the cost 
accountant he can be sure of his facts; and the two 
together may sometimes be successful in partially reshap- 
ing a firm's price pohcy. 

The surcharge is seldom distinguished definitely from 
oncost in \vritmgs on the subject. Most engineering firms, 
however, do make a distinction, in practice, although 
they may not use the above terms. The definition of 
i factory or works costs as indicated in Fig. 50 makes that 
' include production cost and part of what is here called 
surcharge. It is sometimes convenient for this part of 
the surcharge to rank as an overhead, especiaUy when its 
amount is comparatively small. In that case production 
cost and works cost are synonymous. 

If desired, for simplification, a machine or process rate 
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may include both wages and overhead. For instance 1/6 
an hour wages and 2/6 an hour overhead are equivalent to a 
4/- an hour rate for a process. In general tlie combination 
of the two rates into one is quite satisfactor}’ for esti- 
mating because the estimator and the prospective customer 
are interested onl}!’ in the total, not how they are com- 
piled. For works control, on the other hand, it is essential 
to know the details. 

There are several other items to be considered in 
making an estimate. First there is Process Cost as shoMm 
above the labour step in the diagram. Some include only 
indirect materials in process costs. It is better to have 
them include direct and indirect materials, labour, and 
overhead but no surcharge. For work of a special 
character there are generallj’’ patterns and tools to 
make, the cost of which wiU. be extra. An unusual per- 
formance guarantee ma}' be required by the prospective 
customer and this will require consideration. These 
further items are indicated in Fig. 50. 

The cost of packing and deliver}' may include such 
items as special protection against sea. air, customs duties, 
and the rate of exchange. As a rule the estimating 
engineer has to show special factors separately and is not 
responsible for the tothl amount of surcharge included in 
the sales cost. Indeed, he frequently goes no furtlier than 
reckoning the production cost (or it may be works cost), 
perhaps adding packing charges to tliat, the remaining 
charges being added by the general or the sales manage- 
ment. The amount paid in “royalties” or “licences to 
manufacture” forms a part of the surcharge. 

The matter of tools deser^'es further consideration. 
Tlie overhead provides for the whole of tlie ordinary tool 
expense but not for anything special. Hence if new jigs 
end tools are required for products which are not standard 
the extra cost must be allocated to those products. 
Sometimes furtlier orders may be expected to follow that 
for which the tools are to be made. Then, either the tool 



246 PLANNING, ESTIMATING, AND RATEFIXING 

cost can be spread over a larger number than quoted for 
in the first place, or subsequent orders can be executed 
for a lower price. The tool cost may be the price of the 
tools bought from a firm of toolmakers, it may be the 
production cost or the prime cost when made in the works 
toolroom. It is safest to base it on the bought out price. 
Occasionally one hears the remark that the toolroom is an 
overhead, that there cannot be an overhead on an over- 
head and therefore there cannot be an overhead on tool 
making. The fallacy of this reasoning should be apparent 
from the definition of what an overhead really is. There 
are sound reasons why the toolroom overheads are com- 
paratively low. But entering upon the manufacture of 
home-made machines, for instance, completely changes the 
conditions if done on a large scale. It is usually a fallac}^ 
to believe that one saves by it although the price “home- 
made” may seem low on account of fictitious overheads. 

There is another point to consider in connexion with 
special tools and the delivery date of the product. Simple, 
small jigs and tools can be completed in a week or two if 
they are not too numerous. Large tools may take two or 
three months or more to finish and it is quite possible 
that a good deal of the production they are intended for 
will have to be done wthout them. The questions must 
be asked, then, will it be worth while to order them? 
Will the saving on the small amount of production re- 
maining when they become available for use pay for 
them ? 

Again, when estimating the saving, what items should 
be reckoned? There will be the obvious economy in 
labour, not forgetting that assembling or erection is likely 
to be eased when supplied vith a more accurate product. 
Part of the overhead associated with that labour will also 
be saved — ^not all, for comparative^ inefficient manu- 
facture swells labour above normal and dilutes overhead 
because there are more production hours over \vhich to 
distribute it. 
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The business of comparing the costs is best done by 
tabulating thus — 

Cosl without Tools Cost with Tools 

Labour = A Labour = C 

Overhead = B Overhead = D 

Price of Tools = E 

Then if A -f- B is less than C + D -j- E it obviously 
will not pay to have the tools. This method is rather too 
complex for many occasions ; the overhead value D will 
have to be guessed if it is not laboriously calculated, and B 
will, as stated, be less than the normal oncost if that 
includes tools; the state of trade may make it desirable 
to employ the works toolroom, to retain good men 
through a slack period. In these circumstances it is 
advisable to leave out overhead B and D and to substitute 
for E the estimated prime cost of the tools. However 
the comparison is made, it is only rough. It should be 
regarded as a safeguard against absurd expenditure 
rather than a scientific balance. 

Incidentally, the above-mentioned dilution of overheads 
illustrates the fallacy of the assertion that a high (or low) 
overhead is a measure of managerial efficiency. Usually, 
low production efficiencj’^ per man-hour is associated with 
low rating but not necessarily; and high overheads are 
not a sign of efficient production. Although intensive 
manufacture often carries high overheads as an hourly rate 
the burden is comparatively low per unit volume of 
production. 

Another point worth mentioning is that the economic 
values of different tools may be compared on the lines 
indicated in the last paragraph. For example, the 
performance of different brands of cutting tools may be 
compared. 

Brand A Brand B 

Cost of tool. ..... 25s. 2S. Sd. 

Life of tool in components . . . 1,000 .joo 

Tool cost per component • . . o-3od. o-oSd. 

Labour cost per component . . . i-2d. 

Tool + labour per component . . i-sd. I'^Sd. 

9 — (8.5489) 
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If the overheads are known for the two cases they can be 
taken into account. It is not at all certain that they mil 
vary with labour cost or time — almost certainly not. 
The usual rating wUl fail. And it is quite true that 
quicker cutting with more expensive tools may be less 
economical than ordinary working. 


Date 


P.T 1 AvniiT 

PartN 

? 1071 



Title : 






Form. 


Wcianr. 4 - 8 -£ 6 s. 

Price. 


11 

processor OP. 

m/c. 

PLfittT 

Hourly 

Rhxc. 

LRSot'^ 

RATC 

AcruAL 

t;mCo 

LABOUR 
COfcT. 
f'2S7. P.Wj 

Or^COST. 

/ 

-dUi/ 


toq 

qSd. 

H- 

/ao 

3-SU 

q- 60 


** 

m 

tat 

qg 

6i>l. 

ISO 

4--79 

la-cro 




iA- 

3 (> 

ScJ. 

6‘0 

hCja 

3 -(ro 



H.UldU 

SI 


5 o[. 

S'a. 

1-31 

3-ia 

s 


Ur^d 

130 

qg 

SO/- 

4-6 

/■a a 

3 - 6 S 

6 


ixl. 

/qa 

3 (, 

qsj- 

9-0 

o-Tz 

/•So 

7 

jhtUe 


63 

Jq 

30J. 

tM 

% 

TS 

/■ao 

iS-oq 

3 (,SO 

<)S-Sq 

1 


Fig. 52. Cost Layout 

A Cost Layout sheet is shown in Fig. 52. This is self- 
explanatory. It will be noted that it employs hourly 
j for the operation oncosts. By summarizing these 
. a more reliable estimate is obtained than is 
>le when an average percentage is used for the 
j ^ head or oncost but the time and expense involved is 
’list this method being universally employed or for 
uick estimates. 

Overheads are based on actual working times, not piece- 
work time allowances or prices, as a rule. It is important 




















WORKS ECONOMICS 


249 


to avoid confusion between these bases. Since piece-work 
or equivalent s3'stems are in general use and available 
data often relates to piece-work time allowances, it 
sometimes simplifies the arithmetic to use overhead rates 
which are adjusted to time allowances. For example a 
rate of 2/- an hour actual time ^vill be 2/- -f- if calcu- 
lated on time allowances wliich permit time and a quarter 
to be earned on the average. The "cost of li\’ing” bonus 
needs similar adjustment. 

If the production cost of a component is compared with 
the price quoted b}’^ an outside contractor, it is sometimes 
found that the latter is lower. Does it then pa}^ to buy 
the finished component ? It is not necessar}^ to consider 
the surcharge because that viU be the same in both 
cases. This alone is a good reason for differentiating 
between surcharge and overhead charges. 

Suppose the production cost of a component is 2/3 
and the best outside quotation is 2/-; would acceptance 
of the latter save 3d. each? 

Let the production cost be made up as follows — 


Material 

Labour 

Overhead 


Running charges, ^d. I 
Fixed charges, 3d. ) 


s. d. 

I - 

S 

7 


2 3 


B}^ bujung outside the labour is saved; supervnsion, 
clerical work, inspection, etc., are practically unchanged, 
the running charges are reduced by, perhaps, 50% ; that 
is onlj’^ 2d. Hence the real cost of the bought out compon- 
ent becomes — 

5. d. 


Material . . - . • = - 

Overhead ..... 5 


5 


At first sight it appears that here an overhead has been 
added to the material expense contrarj" to what was 
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recommended earlier. But this charge has to be home 
by the component. If it be not reckoned as shovm above 
then all the overhead ratings on other production must be 
raised to make up the deficit — obviously neither a prac- 
tical nor a useful procedure since the above method is 
equivalent. Of course this supposes the overhead rating to 
be correctly assessed in the first instance. 

Many do not believe in placing work outside if the 
quoted price is above their own prime cost. This is too 
drastic. Rmming charges often amount to about half 
the overhead and generally an outside quotation may safely 
be accepted as economical v,'hen the price is not higher 
than the production cost less 70% of the overhead. As 
suggested in the example, it is rare for the whole of the 
running costs to be saved — ^it may be only pov/er and tool 
maintenance. 

The reasons why one firm should be able to make its 
selling price lower than another’s production cost are 
always worth investigation and consideration. Of course, 
the sub-contractor vdll not have designs and drawings to 
make. He may have superior facilities or be a bad estim- 
ator. He is seldom credited -with being a better manager. 

The effect of bu}dng many instead of a few components 
from outside can be gauged from the last example. By 
shutting dovm the whole or a large part of the machine 
shop the distribution of overheads is entirely changed : the 
remaining productive departments will have to be rated 
anew at higher figures unless the disused works and plant 
can be sold. When this is taken into account together 
■ ith the man}^- disadvantages v,'hich dependence on out- 
" always brings it v,dll rarely be found economical to 
. from outside contractors more than is strictly 
.-csary. 

. ihere are numerous standardized components which 
■re manufactured in large quantities by specialists. 
Ordinarj?’ firms cannot successfully make ball races for 
instance. Nor does it pay firms, as a rule, to make their 
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o\vn bolts and screws. But when it is a matter of special 
components outsiders are handicapped. Drawings and 
specifications do not invariably teU the whole story. 
The men in one’s own -works know -what is wanted, how 
to lean to the small side of that dimension and to the 
large side of another, the class of finish wiiich is necessary, 
whether this feature must be rightly placed in relation 
with X or with Y (granted that some error is unavoidable), 
and generally how to interpret the dra\vings and use the 
gauges to the best advantage. To obtain adequate supplies 
of castings, sheets and bars is comparatively easy; to 
co-ordinate satisfactorily the supplies of finished com- 
ponents from sub-contractors is frequently impossible. 

With good planning and regulation of supplies large 
stocks of idle components never accumulate (unless 
designedly, for seasonal trade). There is enough, but 
never much more than enough, to permit production to 
flow at the desired rate smoothly. Idle stocks represent 
idle money, perhaps borrowed money. The interest on 
that idle capital may make the difference between profit 
and loss on a contract. The money locked up in stores 
or in components l5dng around the shops may prevent a 
firm from buying profitable plant. A consideration of 
these facts again leads to the conclusion that a firm should 
produce all that it reasonably can in its owm works, main- 
taining substantial stocks of raw materials but only suffi- 
cient machined components for immediate use. 

Improvement in the quality of machine work has a 
value which is real, yet may not be easy to express in 
figures. New machines are often bought because existing 
plant wall not give the desired accuracy or finish. It may 
be decided that they shall be obtained wathout it being 
possible to prove that their installation will save enough 
money ever to pay for them, although everj^one concerned 
is convinced that it wU. But most machinery is bought 
to earn a profit which can be estimated beforehand. 
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When a new machine is installed the effect on running 
expenses is often obscure; labour and fixed charges are 
easy to estimate. There are three principal cases to con- 
sider as regards that part of the oncost known as running 
charges — 

(1) If the machine replaces another and saves labour, 
but the general output is not increased, the 
running charges wiU generally remain unaltered; 
that is, they will be just about the same for the 
new as for the old machine per unit of production, 
though not, perhaps, per hour. The power con- 
sumed will vary with the amount of metal removed 
or work done ; whether it be done slowly or quickly 
scarcely affects the result. The foreman’s salary 
cannot be reduced because fewer man-hours are 
worked: inspection and transport wiU amount to 
as much as before. A little consideration will 
show that nothing of any consequence has been 
changed in the other incidentals either. 

(2) If the machine replaces another which has been a 
“bottle neck” the effect is very different. To 
obviate the “bottle neck” effect the old machine 
will have been worked longer than normal hours. 
And not only the machine operator but possibly 
an electrician wiU have attended during some of 
the extra time. There have been overtime pay and, 
probably, other expenses which would othei^vise 
not have been necessary, expenses such as those 
incurred by running a large power unit with a light 
load, or for general shop lighting for the conveni- 
ence of one small area. These are running expenses 
which the new machine, by dealing with the 
required output during normal working hours, 
will save. It will directly consume about the same 
total amount of power as the old machine used 
directly, and that must be charged against it, but 
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its other running expenses will be those borne by 
the old machine running normal time, unless extra 
labour is required for transport or some other 
incidental service to an extent which is worth 
considering. 

(3) If a high duty machine is installed to replace a 
low duty machine as part of a quickly effective 
policy of converting a whole section of plant, the 
running charge of the new machine may be assessed 
at its eventual rate, that is the rate which will be 
fair when the conversion is completed. If the new 
section has the same capacity as the old it will 
probably be much smaller in extent and it may 
save rxmning expenses in several ways. On the 
other hand, it may save in labour only : one cannot 
be sure until aU the circumstances are know. 
The point is that there is no golden rule: because 
a machine is modem and high powered it does not 
necessarily follow that it is better economically, 
even as regards the limited share of overheads know 
as running charges, than older machines of low 
power. Each case must be studied, the effect on 
the principal variables must be judged. It is the 
quantity of production in a month which counts, 
not so much whether a month's supply can be done 
in two weeks or four. 

As a mle the selected new machine will be that which 
appears to be the best profit earner. But the figures in 
the quotations from the suppliers will not be the only 
guide to that. Guaranteed production rates are seldom 
taken quite seriously; or are not enforced because the 
guarantees only apply under conditions which may not be 
realizable in workshop practice. After the sale is completed 
some firms will be unsparing of trouble and expense to 
satisfy their customers; others will care less. Service 
of this kind has to be paid for. The price of it cannot 
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very well be set out as an item in a quotation ; yet it is 
known to be included and will be assessed by the buyer 
though not definitely in pounds sterling. 

The first arithmetical example is chosen to illustrate 
bare principles without refinements or complexities. 

A machine which originally cost £200 has now a book 
value of £< 00 ; will it pay to replace it by a new machine 
which can produce faster but costs £ 300 ? 

For brevity call the first machine A and the second B. 
A produces 100 components a week, all that are required, 
and works 50 full 47 hours weeks in a year. The operator 
earns £3 i8s. od, a week. B is guaranteed to produce 
the components at the rate of 14 muiutes each, floor to 
floor time. 

Since only 100 components are required per week B 
cannot produce the whole of the time unless other work 
can be found for it. Let it be supposed, for simplicity, 
that this is impossible. The guarantee does not mean that 
a finished component will come from the machine once 
every 14 minutes of the working time. All that it implies 
is that, starting with everything in “apple pie" order, 
one component can be finished in 14 minutes. Perhaps 
the rate could be maintained over an hour, perhaps not. 
The conditions must be examined and due allowances 
made for fatigue, tools, and other contingencies as des- 
cribed elsewhere in the book. It is found, perhaps, that 
30% must be added, bringing the basic time to 18-2 
minutes. 

100 X 18.2 = 1820 minutes per week. 

A 47 hours week contains 2,820 minutes. If the operator 
is to earn at the same rate per hour as while he worked A 
his weekly earnings on B must be 

^ X 78/- = 50/- (approx.) 

If the machines are for cutting metal they will both 
remove the same weight per week and will consequently 
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(probably) consume nearly the same quantity of power 
though at different hourly rates. Tool maintenance, 
inspection, the consumption of cutting fluids — all the 
running charges will be just about the same for both 
machines. Fixed charges mtU be unaltered except for the 
one item of depreciation. Hence the overhead need not be 
considered as a whole, but depreciation must be reckoned. 
(Note : if other work were found for B the change would 
be to its advantage because the overhead would then be 
distributed over a greater output.) 

The majority of accountants reckon depreciation on 
diminishing values. A being worth ^60 would have a 
depreciation allowance of £6 if the rate were 10%. On 
the other hand some advocate a flat depreciation allow- 
ance based on the original value. A’s first cost being 
£200 it would be depreciated £20 a 5'^ear (on the 10% rate). 
One great objection to the more orthodox method is that 
it produces, in the case of old machines, extremely small 
depreciation figures (compare the £6 vdth £20 in the 
case of A). The effect of these small figures is to enhance 
the apparent commercial efficiency of old plant and delay 
its replacement. 

Using the second method of depreciating, the weekly 
depreciation on A equals 8/- and on B equals 12/-. Hence 
for producing 100 components Labour -f Depreciation = 
£4 6s. od. for A ; and £3 2s. od. for B. Therefore replacing 
A by B will save £i 4s. od. per week. 

lilany believe that interest on capital should also be 
included similarly to the depreciation. Thus, since B will 
cost £300 and A will be sold (it is hoped) for £60, the extra 
capital required is £240. At 5% the interest on that is 
£12 per annum to set against B. Of course the extra 
capital may have to be borrowed but the expense should 
be set against the firm, not the machine. Still, the amount 
of extra capital to be invested in the machine must be 
considered in relation to the machine’s earnings. B saves 
24/- a week, or £60 a year. As it happens, that is a return 
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of 25% on the extra capital, which is adequate. But if it 
had been only £10 a year it might justifiably be held that 
to replace A by B would not, in the circumstances, be 
expedient. 

Another way of deciding whether to purchase B is to 
consider what is termed the Recovery Period. By this 
method depreciation is not reckoned directly. The 
savings which the installation of B effects for a week (or a 
year), taking into account any change in the running 
charges, is divided into the capital expenditure. The 
quotient represents the period of time in which the saving 
equals the expenditure. The running charges being the 
same for both machines, the weekly saving due to B 
amounts to £1 8s. od. 


£240 os. od. 
£1 8s. od. 


= 171 weeks. 


Many would reject B because the recovery period is so 
long, being over three years. It is often held that one or 
at the most two years is all that can safely be allowed. 
This is an unsound belief. There can logically be no such 
rule. If there were, seven years would be more suitable 
as a limiting recovery period for standard machines than 
one or two years. It is far more satisfactory to forget 
about recovery periods and ascertain merely whether the 
machine is likely to earn a satisfactory profit or not. 

Now suppose there were another machine like A but 
newer, worth, say, £180 by the books. Its recovery period 
would be 


; ^(300 - 180) 
£1 8s. od. 


86 weeks. 


In other words, the older and more worthless a machine 
the harder its replacement becomes by this recovery 
period theory, which is, therefore, absurd. Depreciation 
on diminishing values may give a book value nearer to 
the realizable second-hand value of a machine, but that 
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of little importance compared %\'itli ha^dng efficient 
lant which mtU earn substantial profits. The conserving 
A capital in the form of decrepit plant is a plague which 
eventually destro}^ capital. Plant is bought for use, to 
earn a profit during its working life ; its second-hand value 
is of little or no consequence unless its life is unexpectedly 
shortened. One should not conduct the business of 
production expecting and pro\ddmg for earty closure. 

i^Iachines which are not standard (and in this respect 
jigs and fixtures are similar) may have a short life and 
must be depreciated accordingly. For instance, if B were 
a special machine of no use to any other manufacturers 
and it was believed that a change in the design of the 
product would render it obsolete in one 5’^ear, it must 
be depreciated by the whole ;r3oo (less its value as scrap) 
in the first j’^ear. Obviousty it would not pay to buy it in 
that case. It might be possible, if it had been installed, 
to adapt it to some otlier purpose by spending, sa5^ £50 
upon it. Then it would have a new life and the immediate 
depreciation would be the difference between its second- 
hand value and £350. 

The next example is more complex. Two machines, 
A and B, will each jneld 150 components in a 47 hours week 
for 50 weeks in a year. It is desired to raise the output 
to 400 components a week regularly and to produce as 
economical!}’’ as possible. Four alternatives are being 
considered — 

(1) To work A and B overtime (or in shifts) ; 

(2) To buy a machine C similar to A and B for working 
parallel with them; 

(3) To buy a machine D costing /i,200 ; 

(4) To buy a machine E costing £1,600 

A originally cost £500. Its overhead rating is 3/- an hour, 
of which 1/6 is for nmning charges. The 1/6 an hour 
fixed charges includes depreciation at the rate of £50 a 
year. The operator’s earnings average £3 los. od. a week. 
B is similar to A in all respects. 
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rather less proportionately because the larger machine 
should be more efficient and clerical work would be less, 
but without definite evidence one cannot assume that, and 
they may be taken to be 

i8d. X 400 

= 4/- per hour. 

150 

The fixed charges on A and B amounted to 3/- an hour, 
including £2 a week depreciation. For D the fixed 
charges minus depreciation would be 

(141 - 40) sHUings = £5 IS. od. per week. 

Depreciation at 10% per annum on £1,200 -f £80 = 
£2 IIS. od. per week. 


47 hr. laboiir .... 


1 

• 3 

s, 

10 

47 hr. rnnning charges at 4s. . 

• 

9 

8 

47 hr. fixed charges 

• 

5 

I 

Depreciation at 10% 


. 2 

II 

Special tools and installing {£65 

50) ' 

, I 

6 

Process cost of 400 components 

- 

. 21 

16 

Process cost of i component 

. . 


s, 

I 

Process cost of 20,000 components 



Iklachine E has a guaranteed output of 15 an hour. This 
nominal rate would probably result in 36 hours being 
actually required to complete 400 components, the adjust- 
ment being made as for D. Standard tools will cost £90 
and special tools £40. The installation cost vrill be £25. 
In this case the operator w-ould have to be foimd other 
duties to fill up his time, but it would not be ad\nsable, 
probably, to alter the set-up of E for ii hours a week, 
so it wiU have to be idle for that time, at any rate as 
regards the estimate. For 400 components in 36 hours 
the operator’s pay would be 54/-, giving a labour cost of 
i‘62d. each. The running charges would be £9 8s. od. 
for 400 components and the fixed charges £5 is. od. per 
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week as for D, Depreciation at 10% per annum on 
^1,600 + £90 equals ^^3 8s. od. (approx.) per week. 


£ 

36 hr. labour . . . . . 2 14 - 

36 hr. running charges . . . . g S - 

47 hr. fixed charges . . . .51- 

Depreciation at 10% . . . . 38- 

Special tools and installing 5 °) • 16- 


Process cost of 400 components . . £21 - 


Since the cost per component from E is identical 
(practically) with that from D it is not worth considering 
further because of the extra money it would cost. D has 
the disadvantage that its probable capacity for output is 
not much in excess of actual requirements: a hold-up 
might delay general output from the shop. 

Overtime in such a case would cure the immediate 
trouble but it would cost extra then because the output 
would only be brought up to normal by means of it, not 
increased. From the capacity point of view C would be 
a better purchase. It would have, too, the minor advan- 
tage that, being similar to A and B, its functioning, its 
tools and maintenance would alread}' be understood. 
But before a decision can be made the financial aspects 
must be examined. 

A man has been receiving £20 a year interest from 
secure investments. After transferring his capital to in- 
dustrial shares he receives £100 a year for it, a gain of 
£80 a year. But he is not thereby entitled to declare, as 
many accountants and estimators do, that his receipts 
from the industrial shares are only £So a year because 
the £20 came without trouble and risk. This fallacy 
appears in books and accounts in all directions. It arose 
from the desire to show whether an industrial, or, more 
particularly, a plant investment was good business or 
not. The £20 was not a natural growth or offshoot hke 
a bud from a tree : it had to be earned. As a measure of 
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the effective employment of capital the device of charg 
ing upon it, as a cost, what it would earn if invested ii 
safe securities is misleading. It is Hke a 13-inch rule usei 
for measuring feet. Moreover, as previously stated, i 
money has to be borrowed to buy a machine the interes 
on that money cannot fairly be added to the cost of th 
machine. Why not pay for the machine but borrow th 
money to pay wages? Or the gas biU? In nearly a! 
cases the interest should be an item in the surcharge, fo 
there it can be distributed most equitably. 

It is assumed that bu3dng new plant would not hi 
contemplated unless the financial conditions were stab! 
and satisfactory. Since the next consideration will lea( 
to an unexpected result it wiU be as weU to premise, too 
that it applies to average cases. 

When a new machine is bought to replace another i 
is common and natural to regard the difference betweer 
the purchase price of the new and the amount obtainahh 
by selling the old one as the true capital expenditure 
For instance, if a man buys a car for £500 and sells hif 
old one for £200 he considers bis outlay to be £300. Thai 
is true in a limited sense ; it is the method used on page 
253. But unless capital is allowed to dwindle (which is a 
condition of instability and ruled out by hypothesis), it is 
misleading so far as it fails to take into account duration 
of service. 

Production engineers should view depreciation not as 
a diminishing of selling value but as a consumption of 
useful service. A machine is worth £100 because it will 
5neld £ioo’s worth of service. It will not 5ueld less and 
less in successive years as depreciating on diminishing 
values implies, although, after a time, it may become 
difficult to maintain its output and eventually it will need 
repairing or replacing. Which of these it should be may 
be judged on the lines laid down in the present chapter 
by balancing outlay against results. 

A logical method of depreciation should be parallel 
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with these facts. On the whole, straight line depreciation 
by equal annual decrements to zero seems to be the best. 
Occasionally depreciating to a residual value instead of 
zero may be preferable. Money spent in repairs or recon- 
ditioning is capital lost except as the machine’s value for 
service or sale is thereby raised to a higher level than the 
normal for its type and age. 

A new machine M %vill last for, say, 10 yeais. The old 
machine N which it replaces has spent 8 years of its life 
and can give only, say, 4 years more. Therefore, if M 
were not bought, another machine like N would be 
required in 4 years. But only 6 of its 12 years of life 
would be needed to make up the 10 years equal to the 
life of M ; consequently 1% of its cost (or, if preferred, yk 
of the present value of its cost 4 years ahead) should be 
added to the present value of N to set off against the 
purchase price of M and discover the differences in capital 
outlay. It is obviously wong to balance the 10 j^ears 
service of M %vith the short remaining period during 
which N will last. Another N (or an equivalent) will 
have to be bought, provided that production is to con- 
tinue, and its expense must be anticipated. 

In the example udth machines ABCD the capital outlay 
with scheme i, or A -f- B with overtime, is nil by the 
short view. As compared udth this, sclieme 2, "which 
introduces C, involves an expenditure of £ 5^5 saves 
£43 3 - year. Similarly, scheme 3, using D, requires an im- 
mediate expenditure of £1,345-^300 (the seUing price 
of A 4- B) = £1,045 but saves £310 a year. 

But short or partial views which consider only offsets 
and differences are misleading. The long ^dew is far better. 
Consider, for instance, a period of 10 5'^ears and ascertain 
the capital consumption by the various schemes during 
that time. There can be no risk in taking such a long 
term provided standard machines are concerned and the 
depreciation rate is not too low. 

With straight line depreciation to zero the annual 
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consumption of each machine will be yV of its original cost 
if its life is 10 years. Hence A -h B will use £100 per 
annum, C will use £ 50 , and D £ 1:^8 per annum besides 
prehminary expenses. Suppose that A and B are 7 years 
old. In 3 years they would need repkcing in any case, 
and if similar machines are assumed to follow them the 
consumption would remain constant. 

Over the period of 10 years the cost will be — 


Scheme i Scheme 2 Scheme 3 


Machines 

. £1000 

3 ^l 500 

^1200 

Standard equipment . 

. 

— 

80 

Installation 

30 

45 

25 


•;^io30 


;^I 305 


Thus scheme 3 actually requires less capital than 
scheme 2, although the short view gives a contrary im- 
pression. 

In practice the useful life of a standard machine tool 
is between 20 and 25 years. It wiU have been recondi- 
tioned twice, probably, during that period. Towards the 
end use will be made of it only when no alternative is 
available. Provided business is good, it seems better to 
take the long view as indicated above and scrap machines 
over 13 years old. It would generally pay more than 
appears on the surface, because various expedients have 
to be resorted to to make decrepit machines function 
successfully, and the cost of them may easily be hidden 
in general shop charges. 
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PLANT CAPACITY AND ARRANGEMENT 

In all well-organized works production programmes are 
arranged regularly. Usually there are long-term (or 
seasonal) programmes of a general character, and weekly 
programmes made out to suit customers’ immediate 
requirements. Plant capacity should be arranged to suit 
the long-term requirements, weekly variations being got 
by changes in the man-hours worked. Many trades are 
seasonal, having a high peak load which lasts for only a 
few weeks in the year. The capacity must be equal to the 
probable peak load, unless arrangements can be made for 
carrying heavy stocks. 

Calculations for plant capacity are founded on either the 
known or the estimated basic times. In the case of mixed 
production the actual output is commonly about 6o% 
of the theoretical capacity and in mass production not 
more than 75% or 80%. Setting up, scrap, absentees, 
irregular material supplies, and breakdows account for 
the loss. It is not that many sections of the works could 
not do better as a rule, but excess in one direction does not 
make up for deficiency in another, and it is the laggard 
which determines the output. The others are forced into 
the slow step. 

When arranging mixed production plant for a given 
output in stated working hours it is necessary, therefore, 
to have an excess capacity, on the plant as a whole, of 
about 50% over the theoretical figure. If not, either the 
programme will not be kept or excess time wll be worked. 
The qualification "on the plant as a whole” is important. 
If the key machines (i.e. the laggards) are specially 
supervised they may yield, perhaps, go% of their 
theoretical capacity. It would be safer to add to their 
number, but not always expedient. However, the fact 
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that they can be made to give an 'mnsnally a-gn 
(if tney are not too nnmerous) lessens tbe total cnantitT 
of plant required. Po'ver presses on mined prodnctim 
nave an extremelv lov vield, nernaps onlv asll or -o'-', 
of tne tneoretical, and normontal boring macnines are 
often little better. Of conrse tnere are alvravs ovenine 
and sbift rvorldng for increasing ontpnt. Again it is tne 
key macnines ~Mcn mnst nave special attention ; bnt me;.’ 
viii not be likely to give more than 75 y(, of their tneoredca: 
capacity from shifts, horrer'er keen the snpervlsion ani 
vrell chosen the operators. There is a loss at every chanm 
because no tvro men vrork alike. Again, dnrina the cav 
men and foremen can bave help and advice as the;.* neei 
it from the stam Unexpected dimcnlties "HI oomr, 
hovre%'er, and at ni^t the men and iorerzen are isolatei 
"prith none to assist •vith ad’vdce or decisions. Overthns 
for a couple of hours a night is emcient for short pedois. 
After a month it should be dropped for a fevr —eehs. 
'week-end vorking is most unsatisfactor}'. If piece* 
vrorkers can vrork vreek after vreek vdthout -veeh-end 
rests, or other days on, and stnl earn good bonus, thdr 
prices are too high. There are many rrms vho aTorr :: 
regularly. It -vriil generally be found that their Sunnav 
foremen are paid by the hour. 

In the case of mi?:ed production to obtain a schedule c=: 
plant required for a given purpose the most convemeut 
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vray is tnat snovm m Fig- 53- A large saeet 01 paper 1^ 
prepared by ruling on a dravring board, and niled in mm 
a hst of the components — represented by A-B.C., em. 
The names of the classes of machines required heac ms 
omer columns, being subdivided as required — if necessar*' 

18 hours vertical milling, S hours at one cperation arm ro 
hours at another. Boring (horizontal) tabes 25 sours, 


hea-v*}' radial drilling 10 hours and I: 
25 hours. At the foot of the columns 
each class of machine is shcvn. The tk 
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may be basic time or time allowances. If the latter the 
conversion into basic times is easily made to the totals 
by multiplying by the appropriate factor, for instance 
f if the time allowances permit the operators to earn time 
and a quarter. Another way of effecting the same result 
is to consider the real week as consisting of less than the 
nominal 47 hours. 

In the figure, basic times are given for 100 sets of 

components, one set including every part necessaiyr to 

buM the machine or unit being studied. \^Tiether i, 

10 or 100 sets is chosen as the basis depends on the 

quantities required in a week (or other period). The 

total amount of light radial drilb'ng is found to be 210 

hours, 50% is added to this as already explained, making 

the capacity hours 315. At 47 hours a week this requires 

7 machines. Horizontal boring amounts to 80 hours, 

50% on this makes the capacity required equal to 120 

hours. Three machines may be desirable but possibly 

two would suffice if they were well looked after and 

changes of set up were few. On the other hand it might 

be necessary to add 100% instead of 50% in the case of 

these machines and then four would be required. Of 

course if the setting up times are provided for by enhanced 

time allowances for the operations, the 50% allov/ance is 

excessive. The 60% efficiency figure is based on the loss 

being accounted for by — 

Change of set-up . . . • -15% 

Absentees and late comers .... 7 i% 

Extra "work, scrap, and rectification . - 7l% 

Tool and machine breakdowns and short sup- 
plies ....... io% 

It follows, if these figures apply, and "when setting up 
is reckoned as being part of the operation, that the 
efficiency may be 75%. In that case a 25% increase of 
the theoretical capacit^^ will suffice instead of $0%, if the 
ke}^ machines are served well. 

It is obvious that the whole load on a works and the 
quantity of plant required can be found by adding together 
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the results obtained for each product. The difficulty is 
that weekly requirements are constantly changing in 
most works. When they are steady the weak places are 
quickly revealed and no elaborate charts are necessary 
to find them. Loading charts are useful to anticipate 
and prevent local overloading but it is not much use 
trying to invent and use schemes which purport to show 
continually the loading in great detail. The existing 
load can always be found by reviewing the outstanding 
production orders which the foremen have; and after- 
wards a fair idea can regularly be obtained by adding to 
the load as further orders are issued, and subtracting 
from it as the output and man-hours worked indicate. 
Yet it is desirable to review outstanding production orders 
at intervals as a check, tabulating results on the same 
forms as used for the schedules in Fig. 53. When the 
review is being made some orders will not have been 
started, some will be on the verge of completion, many 
will have operations completed, operations not started, 
and operations ^ or | finished. By considering each 
case on its merits, not striving after meticulous accuracy, 
it is possible quickly to arrive at a satisfactor}^ conclusion. 

For practical purposes it does not matter whether a 
section is estimated to have 1,000 hours or 1,100 hours’ 
work to do in a week if the real amount turns out to be 
round about those figures, but less rather than more. 
To underestimate is almost a crime. The laggard section 
sets the pace for the whole works. 

The loading of single machines may have to be 
ascertained in the case of large planing or boring machines, 
for instance; but the bulk of the minor details are best 
left to a good foreman to arrange as he finds expedient. 
He knows the men as well as the machines. 

The question of tool room capacity to supply special 
jigs in good time may arise; it should be studied in the 
same way as production capacity. 

Sometimes, in works where loading is not systematically 
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studied, overloading is not suspected before there is 
consistent failure to keep delivery dates. This is serious 
at any time because a late delivery may spoil the chance 
of a repeat order. It is worse in the case of export orders 
where, perhaps, a special ship has been named to transport 
the product and arrangements have been made only 
to be cancelled. Worse still are penalty orders where the 
price to be paid for the product is reduced for each week 
or day it is overdue. 

Suppose a substantial order is received which will keep 
the works busy for a few months, and it is desired to 
ascertain whether overtime will be necessary. It is known 
from the figures obtained when preparing the estimate 
that only one section will be affected. Overtime it is 
desired to avoid if possible on account of the increased 
expense; for while necessary overtime arises because of 
extra production, and often reduces component cost, 
unnecessary overtime arises because of bad management — 
average production is not increased, nor is the income, but 
expenses are. 

The hypothetical section has a capacity of 329 hours per 
week. The order X is to be completed in 18 weeks. It 
will be 3 weeks before production can start on account of 
getting materials and making other preparations. The 
whole of the machining must be completed at least 4 
weeks before the delivery date to give erecting and testing 
a fair chance. 

When the order is received the shop is already carrying 
a fair load and other orders are definitely expected every 
week. The ideal arrangement will permit all the orders to 
be completed at the due dates, minimize overtime, and 
when the large order is finished leave on the works the 
load due to the latest orders received. 

The machines have ii weeks in which to complete 
their share of the large order. This is estimated to give a 
(nominal) load of 1,000 hours on the section. Besides this 
it is expected that the small orders, coming at the usual 
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rate, yiII amount to a (nominal) weeld}^ load of 120 hours. 
The eSective load ytU be 50% greater than the nominal 
load on account of machine setting and the other causes 
mentioned. 

\^Tien an order is started in production it does not 
suddenl}* come into full swung. The first operations start 
on some components, and gradually more and more 
machines become busy on successive operations until, 
in a few weeks, a w'hole works may be busy on the one 
order. Similarty there is a tailing off at the end : there is 
not one instant when all the maclunes suddenl}’- complete 
their last little bit of the order. Consequently the ii 
weeks during w’hich the order is passing through the 
machines is not ii weeks of full capacity. It will take in 
this case, sa}*, 2 weeks from the start to get fuUy going 
and about tlie same time to tail off at the end. These 4 
weeks may be about equivalent to 2 weeks at full capacit3^ 
The machines not on order X will have to be engaged on 
other work. If extra shifts are to be worked it will take 
time to get new men property started, and ever}' bit of the 
50% allowance on the nominal load will then be needed. 

Problems of this kind are best solved by a combination 
of arithmetic and charts. There are innumerable w'ays of 
making such charts, many of them serviceable. It must 
be borne in mind that the forecast and its graphic repre- 
sentation win turn out to be onlj' an approximation. 
With reasonable luck it vvill be an excellent guide, but it 
will not be worth while to spend an enormous amount of 
time on it ; merely sufficient to make it serviceable. 

First of all tabulate what is known — 



Nominal 

Load 

Efiective 

Load 

1 

Order X . . . . 


1 

1 1.000 

1.500 

Running orders p>er week 


120 

' [So 

Orders alreadv in hand . 


.^oo 

600 

Plant capacity 



i 329 
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For some purposes the natural form of chart has 
successive weeks stretching from left to right. Here it 
is desirable to show several weeks, each on a fairly large 
scale ; hence the weeks are arranged as shown in Fig. 54. 
Rule the frame with its vudth equal, on the chosen scale, 
to 329 hours, the noihinal capacit}’- of the plant per week. 
Next rule a line to represent 180 hours per week for the 
expected running orders, thus reserving space for them. 
Orders in hand %vill be in the load for the first week (ending 
September 2nd) and fill 329 hours, as shown by the thick 
line. But the 180 hours’ reserve should not be encroached 
on for later weeks, it being supposed that the running 
orders are for standard units which must be quickly 
delivered. Rule the balance of the 600 hours of orders in 
hand in the 149 hour space. Unless material for the large 
order is in early, or anticipatory work can be done on 
expected running orders, there ^viU not be enough work 
to keep the section fully loaded during the third week 
as sho^vn by the space Y at the extreme right. At this 
stage the running order lines for September 9th onwards 
have not been ruled. 

The machining for the large order X is to be finished 
by the end of the 14th week (December 2nd). It is due to 
commence in the 4th week, but most likely, as already 
explained, the start •will be slow — all the machines vdli not 
be able to commence on it. But rule lines in the 149 hour 
space for successive weeks, leaving the 13th and 14th 
weeks clear. 

This is reserve to allow for starting, delaj^, and tailing 
off and may be filled later on vdth subsequent orders. 
Of course a reserve of two weeks would not be sufficient for 
long contracts ; the safe period must be judged according 
to circumstances, and so must the delay at the start. 

Of the 1,500 hours required for order X the allocated 
capacity is at this stage 9 X 149 = i> 34 i hours. The 
balance, 159 hours, can easil}’’be got vdth a little overtime, 
for instance, 4 hours a week by each of the 7 machine^ 
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Fig. 54. Loading Chart 
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for 6 weeks will give i68 hours. Rule accordingly, 
extending the frame as shovm, not starting overtime 
until the 6th week to make sure there is plenty of work 
available, and finishing at the nth week. Thus the whole 
1,500 hours (with g hours over) is allocated on the chart. 
But the arrangement is subject to modification. Much 
will depend on how the expected running orders 
materialize ; moreover it is certain that the 4th week vill 
not yield the amount of order X allocated to it ; perhaps 
not the 5th week either. It will be necessary to watch 
events and decide later whether 4 hours overtime is 
sufScient, but it should be mth the amount of reserve. 
With a charted plan as a guide events can be better 
marshalled. Without it necessary overtime may not be 
started until too late to save the work from becoming 
overdue, or overtime may be commenced blindly, the 
men being gathered together of an evening wth insufficient 
work to keep them occupied — a common fault. 

The chart is dra%vn as it appeared on September 20th. 
If an order could be started suddenly at full output and 
stopped as quickly as the load lines indicate, overtime 
would be unnecessary in this instance. As a rule, in 
practice, one order is worked in vith another so that the 
load lines do show very well how matters stand on the 
whole, though not exactly what the situation is as regards 
any particular order. 

As the running orders came in (it is supposed that raw 
materials were kept in stock, ready) lines corresponding 
to the loads due to them were drawm in the reseri'^ed 
space. It ^vill be noted that at {a) these orders came in 
in excess of capacit)'’ and were carried on to the following 
week, the order number being ■written in for identification. 
But the orders fell short the next week as shown at (6). 
This space must be left vacant because when other orders 
followed they were too late for the capacity to be utilized. A 
load cannot be assigned to a date already past. Similarly at 
(c) there is a shortage and at {d) an e.xcess carried forward. 
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As the work is done, and production orders pass 
through, the amount of work they represent can be can- 
celled as indicated bj' the dotted lines and terminals at 
{e) and (/), the dates being inserted. In this way the chart 
may continually show the existing load and whether 
general progress is made at the desired rate or not. For 
this purpose the cancellation as work is done takes no 
accoimt of which orders are done. The chart is not intended 
as a guide to the progress of particular orders, but only 
as a load indicator. As dra\vn, the chart shows the work 
to be ahead of schedule, the work for part of the 4th week 
having been completed on September i6th as shorvn at (/). 

It is extremely irksome, and therefore likely to increase 
mistakes, for calculations to be based partly on actual 
operation times or time allowances, and partly on the 
nominal capacity or actual number of hours worked. 
In the last example the nominal machine hour capacity 
determined the scale. Operation times, whether for new 
work or for work which had been executed, were reduced 
to that scale by arithmetic before the appropriate lengths 
could be ruled or cancelled. 

A method of avoiding this arithmetic will now be 
sho\vn. Similar methods can be applied to any of the 
common systems of payment by results, but that described 
is for the piece-bonus system, that is piece-work with 
time allowances instead of money prices. This system 
is widely used and is growing more popular. 

A given length may represent 100 hours on one scale, 
120 on another, and yet a different quantity on a third 
scale. It is convenient to measure shop capacity by the 
man-hours nominally available — on one scale. The 
amount of work done as expressed in P.W. time allowances 
can be measured by another scale bearing a relation to 
the first such that it gives direct readings of piece-bonus 
times although applied to lengths representing nominal 
shop capacity. 

Suppose, for instance, that 100 hours piece-work time 
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lUowance which enables a man to earn times is to be 
:harted. in this manner. The actual effective working 
;ime would be 8o hours. The shop load would be 50% 
Lbove that (more or less according to the shop ef&cienc}’), 
)r 120 hours. A line 10 inches long may represent 100 
lours P.W. time allowance, one hour being o-i inch long. 

Also if one hour is represented b}’- a length of 1^5- inch 
>n another scale, the lo-inch length will include 120 
livisions or hours on the second scale. 

Now the 50%, or whatever the figure may be, is more 
)r less arbitrary; it is not a scientific assessment but a 
ough and ready compensator. It follows that it need not 
le strictly adhered to if a small deviation considerably 
implifies the arithmetic. For instance, on the above 
cale 47 hours would be represented b\^ i X 47 hours 
)f time allowance, which equals 39-17 hours, quite an 
mpossible figure to work vdth, and 40 hours is near 
nough for the purpose. 

In the next example the double scale method is used. 
rhe perpetual loading scheme is also incorporated. But 
t is usually simpler and better to construct new charts 
t intervals of about 3 months, each being ruled for 6 
lonths. As stated previously, records of this kind do 
ot remain approximately correct for long unless adjusted 
rdth reference to production orders. Records of scrap 
nd rejects ma}^ easily be overlooked and these alone will 
npair accurac}^. 

The chart in Figs. 55 and 56 is for a section containing 10 
lachines with a normal capacity of 470 machine-hours 
er week. At the start there is a load of 1,834 piece-w'ork 
ours and an order X w'hich wiU give a further load of 
,750 hours, to be started in the week ending July 8th, 
he completion date being October 7th. The first thing 
; to construct a scale as shown at the top of Fig. 56. 
t will be useful for aU charts to be made on the same basis 
0 it is as weU to draw it on paper and then gum it to a 
bin-edged lath. The edge A is spaced in proportion to 
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Fig. 55. Loading CuAnr 






piece-work time and edge B to nominal machine Icr 
man) tours. That is, a length on B representing 47 hours 
or one vreek of full time on one machine represents on A 
the number of piece-work time allowance hours which the 
man would actually earn during that vreek, on the average, 
after making all allowances as previoush* described. In 
the Figure 47 hours on B occup}- the same length as 40 
hours on A which is, at present, a commonh* satisfacton- 
relation for the purpose. The maintenance of the chart 
wili soon show whether this ratio requires adjusting or 
not ; and if the week be not 47 hours, or shift worlnng is 
the rule, or some other method of payment exists, the 
scales should be constructed to suit, bearing in mind that 
it is desirable and justihable to make minor adjustments 
which %vill simplif}* an}’’ associated arithmetic. For Fig. 
55 draw the frame 470 hours %Tide v.dth scale B and enter 
dates against the left-hand datum line. Vdith the same 
scale set off the holiday space for the week ending Arngust 
I2th. Then, vdth scale A draw lines within the frame to 
represent 1,834 hours for orders in hand. The next step 
is to arrange for order X to be duly completed. It viH be 
advisable to resen-e the last bivo weeks free for clearing up 
oddments and to balance the slow start. There is plent}' 
of time to get materials in and the machines can be kept 
fuUy employed, X gradually occuptdng them as the 
pretdous orders are completed. Rule lines in the frame 
to occupy all the vacant capacit}' up to and including the 
week ending September zgrm The combined length, 
measured vith scale .A, comes to 5,855 honors, but the total 
load is 6,584 hours; hence extra capacit}* is needea for 
729 hours. This is not much. It v.ill not be ad%'isable to 
commence overtime immediately, perhaps. Let it start 
the second week ; that vrili enable extra material suppiies 
to be obtained- The overtime should end, sav, a lortmgnt 


before September 23rd. This leaves r.vo ex 


weens lor 


it if necessary- There are thus tv.'elve week 
nominally, but one is holiday vreek, scarcely 


5 ovcrxims, 
s^jitable for 
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alread}' scheduled above that. Again, it vroaid he ansatis- 
mctoiy to conmience tiie double snift before tne bolida',*;. 
Moreover it vonld be inadvisable to attemot to 
10 “ green ” bands at once. Thej* cotud not be prGi>erIv 
looked after. Let it be decided to start 5 for tne veel' 
ending August igtb and 5 a vreeK later. Tbis "vLil msan 
one vreek vnen part of the section is v,'orking overtime 
and the rest of it bt- shifts — an nnsatisfactor}* arrangement, 
but probabiv the best in the circnrnstances As scaiitg- 
the chart vill show, this gives the follo'-ving increases 
in capacity — 

ist -.veei: porh A~ig.) 

2fid ... 

3rd E3d 4th. '.reelis 
jih to -otii -rreelrs 

2, 1 Si !ir. 


lor : 

2i5 

4S2 


This is suScient. Therefore let the double day shift 
end on October 14th (subject to progress being as expected 
and no further orders arrirdng) and mark on orders Y 
to finish 181 hours short of the end of the week dated 
October 28th, or, if desired, the 19 ho’trs left at the end of 
order X can be added, making a total of 200 hours to b*e 
deducted from that week’s load. 

Mdhen there are numerous jobs to be complered as 
difierent dates the chart is just as useful. It shows tne 
total load ; it is not an essential part of the chart to have 
order numbers indicated, mereL a convenience to ensure 
that all orders are booked and none duplicated. If a 
small rush order arrives when the chart shows a full Iciac 
extending beyond the deli%*ery date of that order there ts 
no need to increase capacity' if some of the other orders 
map* be deferred. The load lines trill be continuei as 
req'oired b*ut the rush order tvili have preference in me 
shops as called for hy the progress men, whose worn vuu 
not here be considered. It may be said, however, mat 
niannina ahead is far more efi'ective than oromaiu* progress 
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at the start is worth ten tugs at the end. Progress work 
\vithout adequate planning is akin to dragging an overdue 
lorry which was not provided Yuth sufficient petrol to drive 
it to its destination. 

The worst trouble encountered vith a suddenly 
increased capacity is usually (apart from possible diffi- 
culties \vith “ green ” labour) in obtaining materials as 
required. Several sources of suppty are always an advan- 
tage, and if the planning be tackled immediately, in 
conjunction with the stores, so that the buying office 
staff is given adequate time tliere need seldom be any but 
minor delay's. The work is purely clerical routine for the 
most part, special attention being given to items which 
it is anticipated (anticipated, not discovered later) uffil 
need it. 

It is not alwa3^s worth while to make capacit}^ charts 
except for the sections or groups of productive units 
which require such consideration. On the other hand, 
where work is fairly stable m character, one chart will 
seiwe for a mLxed machine shop if the key machines are 
well and separately studied. 

The difficulties of planning and progressing are 
enormously increased if there is no piece-work or other 
system of payment by results. Unless piece-\vork times 
are inflated by excessive allow'ances for delays (which in a 
better managed shop w'ould be far less) the operator's 
earnings provide a rough measure of efficiency. Besides 
the danger of hidden excessive allowances, there may be 
numerous allow’ances made on supplementary’^ tickets for 
various reasons, many’ of which w'ould not sur\’ive com- 
petent investigation. It is therefore alway’s worth while 
keeping a tight hand on the issue of special tickets for 
extra w'ork, that is work which was not planned for and 
is alleged to be due to excessive material to remove, hard 
material, poor tools, and so on. It is quite easy’ to run a 
piece-work sy’stem hi name with daywork conditions, in 
fact, by allowing extra pay’ as men ask for it, foremen and 
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rate fixers being too kind. Moreover it is not diffioiit 
for the latter to prove their case to managers less technical 
than themselves. 

Many works need not three, but four machines to get 
the output which t%vo could give under ideal conditions; 
and this even v/hen setting up is ahov^ed for in the 
operation times. The deficiency is often attributable to 
the lack of planning. 

In the case of a mass production plant variation in the 
volume of the weekly’’ output is got by altering the hours 
during which the whole plant is worked. But even then 
the capacity’’ is rarely’’ uniform in every’ part, and 
strengthening two or three weak places may enable the 
whole capacity’ to be greatly increased. The strengthen- 
ing may be effected by’ selecting operators of more than 
ordinary speed, by improving the methods of working, by’ 
adjusting the distribution of the work, by’ adding extra 
machinery, or by replacing existing machines by’ others 
of larger capacity. 

The first is precarious and temporary’, though it often 
suffices for a short season ; the second and third are useful ; 
but if a substantial increase is desired it is better to expend 
money on standard new machines than on new special 
tools. 

In mixed manufacturing the machines are grouped 
functionally’, that is, according to their kind, drilling 
machines together, milling machines in another place, and 
so on. This is the best plan for that purpose, it being 
impossible to group them in any other vray’ which would 
permanently smt. It has the advantage of specialist 
foremen, men who have a thorough knowledge of the 
machines or process they’ supendse {an advantage which 
is often overrated) and it minimizes the quantity’ of small 
tools in use. 

For true mass production the machines are grouped 
to suit the components, each group being arranged and 
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placed in relation to the whole in such a wa^' that the 
flow of production is continually convergent, and transport 
is minunized. IMost of what is termed mass is reall}' 
intensive production. Intensive production is a mixture 
of mixed and limited mass production ; mass production 
methods are applied to some components and assembling ; 
other components progress without a well-defined flow — 
they retirni on their tracks or share machines vuth others — 
the remainder are made by mixed production methods. 

For example, in an automobile factory the large or 
more numerous components may have a definite mass 
flow; beginning as raw castings or forgings at one end 
of a line the}’’ emerge at the other finished for the 
assembling conve^mr. Other components occupy a group 
of machines too little for exclusive allocation ; the group 
has to deal vith several kinds or sizes. There may be a 
fairly weU defined flow in one direction for some (but not 
all) of the components, and the set-up of the machines has 
to be changed at mten’’als. Because of the nature of the 
processes involved, or small quantities, others are treated 
exactly as in mixed production, the only difference being 
that fairly large quantities may permit more efiicient 
tools to be used. For instance, sheet metal components 
ma}'- be blanked on one press, then raised or formed on 
another some distance away, both presses ha\*ing to work 
at times on other components. After this they may go to 
tlie bench workers, then to welding, back to the benches, 
and finally be sent to the enamelling department, whence 
they emerge ready for assembly. JIultiply the quantities 
to be made by 100, and then it might be worth while 
arranging for line production. 

One problem which arises now and again deser\'es study 
on account of tlie various issues. A works is engaged in 
the manufacture of one type of product but in several 
different sizes. Each product is built up of units or sub- 
assemblies ; the units vary’’ for the different sizes but many 
of the component parts of the rmits are common to several 
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sizes. "WTiat is the best t5rpe of general layout for pro- 
duction ? 

If the quantities to be made are small the answer is 
easy: unless the machines are arranged functionally, as 
for mixed production, it will be extremely inconvenient 
to load them efficiently ^vithout gross waste in transport. 
When the quantities are large the correct answer is not 
easy to find. Much depends on what is meant by large. 
To keep bar autos, and power presses efficiently occupied 
needs what may here be termed very large outputs 
estimated in thousands per week, or, at any rate, at one 
set-up. On other machines the weekly output may more 
often be measured in hundreds. So a large output is, 
for the present purpose, one which is measured in hundreds 
per week, because that wiU enable the machines to be 
arranged for efficient line production if desired. There are, 
however, processes such as gear cutting, polishing, 
plating, heat-treatment, and painting which it is preferable 
to keep in isolated departments, partly because they can 
deal with very large quantities, but also because they 
require special technical supervisory knowledge, or 
auxiliary apparatus such as exhaust fans wffiich it would 
be wasteful and inconvenient to install here and there 
amidst other machineiyL 

With the above exceptions the machines for a large 
output may be arranged in three principal %vays : 

(1) Functionally as for mixed production. 

(2) For the intensive production of the units, each kind 
of unit having its own separate plant. 

(3) According to the main products, each size having 
its own separate plant, the parts common to several 
sizes being all made in that section where the 
majority are to be used. 

With large volume production the first plan has the 
advantage of keeping the machines well occupied; but 
here is too much transport and too many changes of set-up 
or it to be economical. The planning and the progressing 
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become complex, and assembling, in consequence, is not 
likely to be regularly supplied unless hea%y stocks of 
raw and finished materials are maintained. There is 
some advantage in specialist foremen, but not ver}^ much. 
It is much more important for the milling foreman to be a 
good organizer than it is to be able to work a milling 
machine incredibly fast, or milling extraordinar}^ shapes 
vnth ordinarj’^ tools. 

The second plan involves, for efficiency, line and inten- 
sive anangements. The foremen know well the functions 
of the imits the}’- produce and of all the parts in them. 
That is better than their being expert machine demon- 
strators. Each foreman controls a variety of machines, 
but the production of onl}’^ one kind of unit. The total 
quantit}'- of plant may be slightly greater than required 
or the first plan because not all the machines can be 
fuUy occupied. The increase may be small because of the 
reduction in the number of changes in machine set-ups. 
Planning and progress work become much easier, the work 
being concentrated and those engaged on it being more 
familiar with tlieir local circumstances. 

The third plan also depends for efficienc}’ on line pro- 
duction. Ouing to the comparatively small load on each 
line man}' macliines cannot be fuUy occupied and more 
plant becomes necessar}\ Planning and progressing are 
extremely simple ; it is eas}' to maintain regular supplies 
for assembling, without carr}’ing excessive stocks. There 
are few changes of set-up required and the efficiency per 
operator is high. It is not difficult to foster a competitive 
spirit between neighbouring teams engaged on similar 
work, and this can be directed to improve quality and 
quantity. Perhaps the worst objection to this plan is that 
the increased plant (not forgetting the large magnification 
in the number of small tools) would be a much heavier 
burden tlian in either of tlie others if business became 
slack. On the whole, the second plan is the best unless a 
large trade is assured for several years, when tlie third 
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is the most economical, always supposing that each line 
can be loaded sufficiently. 

Once the load enables most of the machines in line 
production to be approximately fully occupied during 
normal working hours the peak of efficiency is nearly 
reached. Two shifts a day are better than one and three 
better than two, but not very much. Neither is mete 
magnification of the load and plant of great benefit. 

Were this not true only large works could survive, and 
small works would never grow. Magnification and 
rationalization are not entirely good. The economies 
which may be gained by large volume production can 
easily be more than offset by losses due to the diluted 
vitality of the management. 

When planning a workshop layout the first thing to 
settle is the direction of the flow, i.e, the end at which 
raw materials are to enter and where the finished product 
is to emerge. The best choice is that which minimizes 
transport. When this has been settled the main gangways 
may be marked on the plan. The size of these depends on 
whether the work is small or large, principally, but also 
on the size of the shop. There is more traffic in a big than 
in a small shop and the gangways must be made to suit. 
For small shops engaged on light work a 6ft. main gang- 
way is wide enough ; 8 feet is better for a large shop and 
12 or 15 feet if the work is heavy. 

Secondary ways may be 4 feet wide. A good deal 
depends on the trucking system. If it is desired to have 
a tidy-looking, well-ordered shop, the gangways must not 
be stinted. A cramped, higgledy-piggledy layout is rarely 
efficient; it makes for losses due to slow traffic and 
damaged components. 

It is inadvisable to let benches butt endways against 
a wall or for machines to be quite close to them. Even 
a narrow way 18 inches wide will prove both a convenience 
and a protection against accumulations of rubbish. 
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There is less objection to benches backing against a wall. 
The floor space under benches should be kept quite clear 
for the sake of cleanliness. 

Machine arrangement has to be decided first according 
to the type of production (mixed or intensive) and then 
to suit the line shafts and gangways. Room must be 
provided for inspection and marking-off tables. Machines 
with self-contained electric drive are most convenient, 
particularly for intensive production ; being independent 



Fig. 57. Layout for Intensive Production 


of lineshafts they can be arranged more economically as 
regards space and more conveniently, sometimes, for 
operating. For example in Fig. 57 there are two groups 
of machines, one of 3 milling machines and next to it a 
milling machine associated wnth a sensitive drilling 
machine and a drilling machine with a multi-spindle 
head. Shop regulations permitting, one man can serve 
the first group, if the cuts are lengthy, and another the 
second group. The output per machine may be lessened, 
but the works cost per component slightly reduced. Such 
arrangements are not suited to mixed production. Milling 
machines set as at A.B.C. \vith about 4 feet between 
the nearest edges of the slides as shown for A and B and 
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with B and C back to back save floor space 
vith the arrangement in Fig. 58 at A.B.C. 1 
can be applied to some other machines. 

\^dien machines such as lathes are plac 
production they ma5' stand with a few ir 
between them at the ends. The exact amou 
partty on vrhat mechanism is situated at the 
partly, when the}^ are line shaft driven, on tl 
pulley positions on the line shaft. The averag 
engaged in light medium production measui 
3^ feet from back to front, ignoring smaU project 
as handles. Tv.*o feet is a fair space for the 
Thus the total average vddth required is 5| feet, 
with stanchions at 15 feet centres there is com 
room for t^vo lines of machines. AlIo%ving i 1 
missing the stanchions the arrangement results in - 
v/a}^ 3 feet mde. In practice it appears v.ider t 
the operators are only stationed at inter\'als. Simi 
30 feet wide bay enables 4 lines of machines to be 
the combined -width of the t%vo gangways amounti 
7 feet since there are no central stanchions. Vidth r,x 
a rather larger kind or tor mixed production three lin 
machines is the most that should be set in a 30 feet 
and two lines in a 20 feet bajL 

This spacing gives plent^^^ of room for trucks and fl 
space for components v/hen production is rabied. 
a rule, line or intensive production wastes little floor sps 
vdth idle components, but exceptions do occur and pr 
•vdsion has to be made for them. 

The tendency to an incre^ed number of machines 1 
line production is offset bj* avoiding changes of set-u] 
and the increased dexterity of the operatois. The flooi 
area occupied is much less. With mixed production toe 
components are taken from one pile, worked on and laid 
on another. Space has to be allowed not oni}’ for these 
piles but for trucks to travel between. In line production 
the machines can be packed closer together and tne 
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gangways between the lines need only be sufficient for 
the operators’ convenient working. 

In mixed production the inter-operation trucking 
service often makes a complete round but once a day. As a 
consequence there is, on the average, not less than a full 
day’s work against each machine. If, to take a simple 
example, a component requires 6 operations to complete 
it and each operation can be done at the rate of 100 a day, 
there being one machine for each operation, it vdll take 
6 working days for a component to pass through and there 
^viIl be 600 components in circulation together (supposing, 
of course the batch quantity to be not less than 600). 
In line production with the same speed at each operation 
the number of components in the line wiU be about 12 
(allowing one in process and one waiting for each man) 
and the time from the start to the finish of a particular 
component may be 30 minutes. In both cases there will 
be reserves of raw and finished components at each end. 
The reserve at the finished end can be much smaller for 
line production because a shortage can be quickly made 
up. A breakdown through failure in supplies of raw 
material with mixed production does not necessarily hold 
up assembling for 6 days, for special arrangements can 
be made for rapid transport. Still, such expedients cause 
wasteful commotion and cannot, economically, become 
common. 

The routes taken by components in mixed production 
form a maze if charted on a plan. In Fig. 58 the tracks of 
4 components are shovm from their emergence from the 
rough stores to delivery at the inspection cubicle. With 
functionally arranged machines transport must be a 
hea\fjr expense. It is often possible to save some of it, here 
und there, even when there is not much repetition work 
done. The four components kept fully occupied the 
machines indicated in the figure. By adding two more 
machines and re-arranging as in Fig. 59 production 
was increased by 20% and the inter-operation trucking, 
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as a separate expense, was practically eliminated. The 
saving in floor space is also notable. What cannot be 
shown in the flgure, but is, nevertheless, a very real gain, 
is the ease of quantity control. There are only 4 points 
to feed in Fig. 59 ; the subsequent flow is automatic. But 
in the earlier arrangement each move between the 



Fig. 59. Shop Layout — Line Production 


machines had to be watched and ordered — at least 16 
points altogether. 

Small machines driven independently could be made 
portable very easily. When well balanced, as most good 
quality machines are to-day, they might even be on 
castors. Perhaps jack screws at the 4 comers would he 
desirable, but with stiff frames it is likely that 3 castors 
or 3 feet well splayed would be better than 4, being stable 
on an uneven floor. Another way of assisting portability 
or semi-portability would be to standardize floor fixing 
dimensions as regards width. There might be, for instance, 
sets of two rails about 30 inches apart along the bays on 
which the machines could stand, their bases being made 
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to suit. Grouping the machines to suit the flow of the 
components is so definite!}^ more efficient than the 
functional arrangement that it is worth while trying to 
approximate to it even for short periods. The expense 
and difficulty of shifting machines will soon be reduced 
once this idea gains ground tliat they may be regarded as 
portable tools and that it is better to move half a dozen 
machines a few yards than thousands of components 
many miles. Worse than the transport is the ordering 
and handling : 75% of the troubles in these would be saved. 
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THE elusi\t:ness of accuracy 

Inaccuracies of the kind commonl}' called "errors of 
workmanship” ma}^ be divided into four classes. They 
are caused by — 

{a) The workman — ^his personal equation ; 

{&) The nature of the materials worked on ; 

(c) Defects in the tools emplo5^ed ; 

{d) The conditions under which the work is done. 

In the following essay only (b) and (c) receive considera- 
tion. Examples of instability are given, but the main 
theme is the location of work in jigs and fixtures. 

Deformaiion of Components caused by Inaccurate Setting. 
No setting can be perfectly accurate. To start with, there 
are errors in the fixture and the v/ork. Dirt may enter 
bet^veen locating faces. When a machine tool is new, it 
may be almost perfect; but after a time slides vrear, 
tables droop, and bearings become slack or wear out 
of round. Moreover, the pressure due to even a light 
cut causes some deflection in the machine and in the 
w'ork. 

If a faceplate fixture on a lathe is required to be true, 
it must either be set by adjusting screws or shims or be 
finished in position. Remove it and replace it after a weeh 
or so and it %vill probably require a new setting. 

Again, jigs and fixtures are finished in the tool-room 
to a fine accuracy (ver}"- often unnecessarily), but after 
ser\dce in production — weU, examine a few. 

Self-centering chucks are not self-centering. The javrs 
may be ground, for instance, to receive a short, solid 
cylinder, but they wfll not hold it dead true. Tiy* it, and 
when testing vith a clock indicator observe particularly 
the wobble on the end face. Collet chucks are better, but 
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insert a bar in one and turn a short length true. Loosen 
the chuck, give the bar a tvdst, and apply a clock indi- 
cator to the turned part about 3 inches away from the 
collet. 

No one expects extreme accuracj^ from milling or 
planing. If it is required, scraping or grinding should 
follow. For a special purpose there is nothing to prevent 
great care being taken in setting a milling j&xture and the 
arbor and cutters to obtain a very fine degree of accurac}’' ; 
but that is not ordinary- practice except, perhaps, for 
one application — gear cutting. 

Strains through Clamping or Locating Forcibly. Of 
course, it is impossible to clamp without any strain. The 
nearest approach is when the work is held positivel}’^ in all 
directions with no reliance whatever on friction. Then it 
maj’’ be held securely with the lightest of contacts. The 
moment clamping pressure is exerted the fixture jdelds, 
the component is deformed, and the clamp suffers. (A 
common fault is tlie use of clamps which are far too light 
and flexible. They take longer to fasten than stiff ones.) 

Imagine that a flat plate is being clamped to a flat 
face on a fixture by three bolts. If there are holes in the 
plate through which the bolts may pass, there vdll be 
little deformation (if the flats are flat and clean), because 
the force is localized and sets up no bending action. But 
if the bolts are outside the plate in conjunction with 
finger clamps, there will be bending. Onh’- by making 
the fi.xture stiff can this deformation be kept tolerabh' 
small. A little bending may not be detrimental for the 
purpose in \dew. Still, it will occur; the flat faces will 
be flat no longer. 

Years ago, in early experiments attempting to measure 
the tidal bending of the earth's crust, the instrument was 
mounted on a massive concrete foundation. Ydiat could 
be fixed more firml}’? Yet the needle swung if a man 
standing several jmrds away changed his weight alter- 
nately from one foot to the other. Now, the earth is a 
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casting with, thick walls, so what happens to the walls of 
castings such as are commonly used for fixtures? It is 
worth thinking about. But there -will be httle trouble 
if bending be avoided or proper precautions taken to 
minimize the effect. 

Thin cylinders may be held without much deformation 
in chuck jaws which almost completely envelop them 
provided the diameters agree. Bending will occur if the 
diameters differ or if the envelopment is partial. If the 
cylinder be bored when deformed, the hole in it will not 
be round when it is freed from the chuck. Deformation 
through holding is seldom sufficient to give a permanent 
set, for that would soon be detected. It is only trouble- 
some because the locating surfaces are shifted from their 
right positions in uncertain ways and by unknown 
amounts, and many do not realize that movement 
occurs. 

Strains Due to the Processes Themselves, such as those 
from heat-treatment, are generally allowed for and 
corrected afterwards. A bar which is straight before 
heat-treatment may be bent during the process and need 
setting before machining is continued. That the diameter 
has changed irregularly may be sho\vn by closer exam- 
ination. 

A long rack was required for a rack and pinion gearing. 
It w’as made from bright rolled square bar, and after the 
teeth were cut in one face and the clamps released it took 
the form of a bow. Normalizing beforehand cured that 
tendency. Any material which has been worked severely 
is full of stresses. Heat-treatment releases them as a rule, 
but may introduce new ones. Sometimes the stresses 
release themselves gradually, taking a long time, even 
years. Now and again one hears of a large fljnvheeJ 
bursting because when it was cast one of the spokes was 
left in severe tension — not enough for it to break immedi- 
ately, but after long service. Consider the parabolic 
reflectors used for motor-car lamps. They wnll not retain 
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their accurate shape if merety dra^^^l in a press. Spinning 
them aftersvards not only takes out anj^ puckers left by 
the press tools but gives greater stabilit3% probably 
because the stresses are then distributed in a more 
regular pattern. That is a point to keep in mind for other 
applications. It suggests an explanation for something 
entirely unrelated; the practice of taking forming cuts 
uith the back tool-post on a turret lathe. There is less 
liabilit)’' to chatter when the tool is at the rear. Considera- 
tion of the way the forces are opposed and balanced 
shows why. In general, if the principal forces act mainly 
in one direction, chattering is unhkely. But where 
there is slack (as in a bearing), and large forces act 
oppositel5^ a sHght upset of the balance maj^ cause violent 
oscillation. 

The ageing of castings is well known to be desirable. 
Here is an experience which shows how skin stresses have 
sometimes an unexpected effect. A shaping machine was 
bought to be converted into an experimental gear shaper. 
Being cheap and rather nasty, the machine had to be 
rebuilt. After the bottom face of the ram had been re- 
bedded to a surface plate, it was decided to alter the front 
face which carried the tool-box. This necessitated 
macliining, and when that had been done it was found 
that the bottom face of the ram required levelling again. 
Remo^nng metal from the front caused a disturbance 
extending more than an inch back. 

The Design of Jigs and Fixtures maj' be studied in 
books and periodicals, in offices or in workshops. It is 
not wthin the scope of this book. But the subject of 
location is on the border-line between planning engineers 
and tool designers, and a brief account is given here in the 
hope that it will be generally useful. The treatment is on 
new lines : the tlieor}' of six-stop location seems never to 
have been developed logicallj" before. It is practical 
because it is true and useful, especiall}' for quickty 
examining designs for fixtures. Moreover, the theory is 
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combined with suggestions for simple experiments (easily 
made in any workshop) which should make it interesting 
and at the same time impart a real understanding of 
fundamental principles and difficulties. 

Location of Rough Surfaces. Location for the first 
operation on a casting or forging must of necessity be on 
rough surfaces. It is a sound rule to choose for the purpose, 
when possible, surfaces which it is not intended to machine 
subsequently. By following the rule, better symmetrj^ is 
gained in the finished components than might result 
otherwise. A good example is a piston to be used in a 
petrol engine. The inside is rarely cast true wth the 
outside skin, but in the finished piston evenly thick v/alls 
are wanted. It is seldom possible to machine the whole 
of the inside. Consequently for the first operation the 
inside is located on a special chuck to hold it true while 
the outside is turned. 

If a stamping or forging is to be held in a chuck for the 
first major operation, the surface which one would prefer 
to grip may be eccentric through the flash. Moreover it 
may be desired to eliminate the influence of varying 
flash thickness. In that case a minor or preparatory 
operation would be introduced for turning and facing in 
the desired places ready for holding in the first major 
operation. The location for the minor operation v/ould be 
as just described — from black surfaces which are not to 
be machined but which should be substantially true vith 
those which are. The minor operation is used to transfer 
what is an unsuitable location for the major operation 
to a more rehable place wffiich v,dll produce a similarly 
symmetrical result. 

Location on Machined Surfaces. Once surfaces have 
been machined, accurate location may be effected from 
them. Those for the datum or principal location are 
prepared as early as possible in a sequence of operations, 
and that location is used throughout the series of jigs 
and fixtures involved, imless a good reason exists for 
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departure. There is some error at every setting, and this 
has to be considered. A component may have a feature 
A whose relative position to feature B is more important 
than its situation in regard to the datum location. If 
both features are machined in one jig at one setting, their 
relative placings will be very nearly right. But if A is 
finished first and B at a later setting or in another jig, 
they may be correctly placed in regard to each other, or 
the amount A is out of position relatively to B may be 
the sum of the error in the placings of each vdth respect 
to the datum location : if A and B are both, for instance, 
0-003 inch out of place vith regard to the datum, their 
relation to each other may be perfect or o-oo6 inch VTong. 
Again, the original datum may not last tliroughout all 
the operations. For example, one may locate at first off 
a tmmed diameter and face and stih have machining to 
do after they have been ground. Perhaps a hole was bored 
true which can be used for locating while grinding, or 
there may be another suitable way of transferring the 
datum to another place when desired. It is a transfer of 
precisel}* the same kind as that between the minor and 
major operations just described. The grinding may be 
done vith extreme care, but in the process of transfer the 
accuracy of the relative positions of some of the features 
of the component is hkel5’^ to be lessened. 

A datum location is invariably chosen for its reliability. 
Convenience may not be overlooked, but accuracy is the 
main essential, ^^^len possible the datum location should 
be that by which the component is joined in assembly to 
its principal mating part. 

Stops and Clamps. To locate a component in a jig or 
fixture completely and positively it must be held in three 
directions, corresponding to the three dimensions of 
space. First, it must rest on a base or seating. Next, it 
must be prevented from sliding sideways. Lastly, end 
motion must be stopped. 

If the location is positive, the component's position 
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is fixed by location faces for each direction. For brevity 
these faces will be called stops. 

The purpose of clamps is to hold the component firmly 
against the stops. Sometimes, as will be seen later, they 
are called upon to do more. 

A stop should have an area large enough for durability 
and to avoid marking the work, but so small that its 
directive action on the component coincides practically 
with that of a point. 

A stop may possess any convenient shape, and, pro- 
vided no directive action is introduced thereby which 
would cause strain, the area may be greatty extended: 
a set of stops may join up to form one large face. 

For stability the base used for primary positioning 
should be widely spread. Small-area stops suffice in the 
other two directions. As will be showm later, they are 
better small. 

Consider a block shaped like a matchbox: one of the 
largest faces is the obvious choice for the base. It can 
slide anywffiere on that until squared and positioned 
sideways by a long, narrow side. Lastly, a stop at one 
end halts it finally and positively. 

This is the parent method — all the lands of location in 
use are its offspring, with variations in detail but not 
in principle. 

Components can be held in jaw^s b)' friction without a 
positive stop or be partially stopped. Similarly, if firmly 
clamped to the base and located sideways, the matchbox 
can be held without an end stop. But then its position 
is somewhat uncertain — w^hich ma}^ not matter for the 
purpose in view. 

The Six-stop Principle of Location. Any component 
can be completely and positively located by six stops. 
With fewer than six the location cannot be positive ; with 
more than six the extra stops are redundant and are either 
useless or troublesome. 

For flat faces the stops should be disposed thus : three 
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for the base, two for one side, and one for an end. - With 
the base there can be no doubt: nothing can rock on 
three legs, even if their lengths are unequal. On four legs 
rock across comers is invited — until clamps prevent it 
by strain. 

Tluree stops for the side location also invite strain. 
If the}'’ are in line, the middle one ma}'- cause rock; if 
they are triangularly placed, they form a base to quarrel 
vith the first. Similarly two end stops vdll at the best 
be no better than one, and may cause trouble by trying 
to upset the more fundamental locations. 

It follows that while the base stops may be extended to 
occupy a large face, this is bad practice with the others. 

If a large area is desirable for their durability it should 
be long and narrow, the length being parallel wdth the 
base, and, if possible, near it to enhance stability. 
Cylinders rest securely on four stops — a pair of vee blocks, 
for instance. Othen^ise the general principles apply, as 
will be seen later. 

Three stops are ideal for a flat base, but to locate a 
face which has been turned in a latlie they may be ex- 
tended conveniently and safely to form a ring. A face 
which has been milled or shaped is not quite so suitable 
for ring location, for a reason which students may dis- 
cover for themselves by experiment. Of course the 
tripod is equally useful for a stepped base on a com- 
ponent, the stops being set at suitable unequal heights 
to level it. 

Now consider the extreme case of a baU. It sits firml}' 
on tluee stops, yet, in an academic sense, is not positively 
located. Being a baU, it has no features on which further 
stops can act. Being a ball, it doesn't matter anyway. 
And a clamp vill hold it by friction. Now paint a line 
about one inch long on the baU and set that to bring the 
Une to a specified position. It wiU have to be brought 
round, by twisting on the base, to the desired height; 
the line must be set sidew^ays ; its ends must be leveUed. 
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Movement in three directions requiring three more stops. 
When six stops are in action with their respective clamps 
there can be no sliding on them. But in the case of a ball 
or a cylinder six stops cannot be apphed, and friction 
must be used to prevent sliding. 

The methods of location used for holding components 
in fixtures nearly all fall into one of the six groups listed 
below — 

(1) Flat base, 3 stops. Side location, 2 stops. End 
location, i stop. 

(2) Flat base, 3 stops. Position on base by spigot or 
the equivalent, 2 stops. Friction to prevent twist. 

(3) Flat base, 3 stops. Position on base by spigot, 2 
stops. A sixth stop to prevent twist, (See Fig. 60.) 

(4) Cylindrical base, 4 stops. An end stop. Friction to 
prevent twist. (Four stops for a cylinder, because the 
base location would be perfect on two vees.) (See 
Fig. 62.) 

(5) Cylindrical base, 4 stops. An end stop. A lug or a 
dowelled hole for the sixth stop, which prevents twist. 

(6) Cylindrical base, 4 stops. A radial hole or a notch 
or a lug which enables both end and twisting motion to 
be stopped. 

There is scarcely need to cite examples ; they abound. 
However, here are a few — 

Group I. Any component with a flat base and which is 
not round. (See Fig. 60.) A rectangular bed plate. 

Group 2. Most turned components. A flange for a shaft 
coupling. 

Group 3. Most turned components. The same flange 
after small holes have been drilled. 

Group 4. Round components supported in vee blocks 
or held in self-centering or collet chucks. In the case of a 
three-jaw chuck, one of the jaws may be regarded as a 
clamp and the other two as stops. The grip is frictional, 
not positive, which partly explains why chucks are 
inaccurate. With a collet chuck the end stop is often 
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attached to the turret on the machine. The end stop with 
vee blocks either has to be attached or friction relied on. 
Group 5, A flanged shaft with holes in the flange. 
Group 6. Is not so common as the others. It is used for 



Pig. 60. A Rectangular Bed Plate 


locating some forms of universal coupling where there is 
a cross-pin, for notched bars and so on. 

Fig. 60 has been devised with the idea of pressing home 
some of the points which have already been raised and a 
few fresh ones. Consider first of aU the square plate A 
before it had been pierced by five holes. In that state it 
belongs to Group i, and would be given the matchbox 
location. But supposing the width of the square varied 
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inch np and down. The side and end stops should then 
either be fixed at the mean or be what is called "fixed 
adjustable.” A fixed adjustable stop can be varied to 
suit a run of components of one size and easily changed 
when another batch is slightly different. An imaginary 
objection to this stop is that workmen will carelessly 
set it wrongly. It economizes in tool-making and is 
widely used. 

A more elaborate way of allowing for variations would 
be a right- and left-hand screw device. It would be out 
of place in this instance, and if the large hole had to be 
dead central, the sides of the square would be machined. 
Here they are supposed to be rough. 

Now suppose that the centre hole has been bored and 
it is desired to locate the plate for drilling the small ones. 
For this purpose it should belong to Group 3, At B there 
are two peg stops which will position one corner roughly. 
The component will be able to move a little between 
them unless it is held firmly by the friction due to clamp- 
ing. Hence it reaUy belongs to Group 2 if located in that 
manner. Quite a useful hybrid it is, too. 

Now discard B and use stop C. Opposing that is a 
clamping screw. This makes a firm job, but — ^how about 
the variations in the size of the square? Replace C by a 
fixed adjustable stop and that is taken care of, nearly. 
Near enough, perhaps, but perfection has not been 
attained. At D is something still better, a sliding vee 
which automatically equalizes the comer. 

But observe what has happened at E : the component 
has been pushed bodily over, aU the slack of the spigot fit 
being on one side. How elusive is perfection ! 

"SVhen the small holes are in, another method, as sho^vn 
at F, can be used. The oval dowel is one of the most 
useful devices, but its failing is the same as at B — there 
is slack in the fits and consequent uncertainty, but not 
sufficient to worry about for most purposes. 

The sliding vee (and the wedge) used for subsidiary 
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□cation as at D in this example may be regarded as com- 
)ining within itself the function of a stop and a clamp, 
lach arm can be either. But this is academic and need 
lot be pursued further. It is mentioned because other- 
wise seven-stop location would be practicable, which it 

Experiment to Demonstrate Inaccuracy in Simple Tools. 



Take a cj’linder which has been turned and end faced. 
One about two inches diameter and three or four inches 
long vill do well. Place it upright on a surface plate. It 
may rock unless the end has been slightly dished, and 
rocking iviU not do. A vee block is needed, too, the best 
available, provided it is not less than, say, 2 inches ivide. 
Place the block against the cylinder as shown by F and E 
in Fig. 61. Now cut two strips of notepaper about J inch 
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mde and hold them so that one piece is nipped at A and 
B and the other at C and D, at the shaded spots. 

Well, it is a good vee block, \vide enough for AB to be 
nearly two inches from CD; the cylinder has a nicely 
faced end ; and the plate was carefully scraped some time 



ago. Yet the paper cannot be nipped at aU four spots 
simultaneously unless either the block or the cylinder is 
tnted on the plate. Strain ! Group 2 location. Can one 
be sure of this? Practically, but not absolutely. If 
notepaper does hold, try cigarette paper instead. 

In practice, therefore if the surface plate is to be the 
base, the vee block should be narrow, reducing the effec- 
tive stops to two small ones instead of two large or four 
small ones. Group 2 perfectly. But if the vee is to form 
the base, insert a small coin between C3^1inder and plate, 
Group 4. 
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With the surface-plate base the narrow block should be 
close to it but not in contact. \Wien there is no gap, 
awk^vard comers are left which harbour dirt. 

Experiment to Test the Six-stop Principle. For the next 
experiment refer to Fig. 62. 

Two angle plates A and B are arranged as shown and 
A has a pair of parallel strips on it. Place the cylinder 
used in the previous experiment on them so that it can 
roU. Press it against stops C, D, F, and there is Group 4 
location — five stops, and nothing to prevent twst except 
friction. If the cyhnder has been turned truly parallel, 
the stop E, level vdth D, F, will contact equally with 
them. If E is the least shade proud or the cylinder is ever 
so httle barreled, there Avill be rock. But, and this is of 
practical importance, if the cj^hnder were long and 
slender, hkely to bend by clamping intermediately, it 
could be "felt up” to the stops D, F vuthout appreciable 
yielding. Then E (being adjustable) could be screwed 
fonvard to make a light but firm contact. After that the 
clamp could be tightened \vithout injuring the cj^linder. 
This is only an illustration of the use of auxiliary supports 
or stops, and in this particular case there are other ways 
which could be used. 

Now mark off a diameter across one end of the cylinder, 
using vee block and a scribing block. Raise the point 
3~2- inch and mark another line parallel \vith the first. 
With their centres on the second line, at opposite ends, 
drill rivo J-inch diameter holes parallel with the axis of 
the cylinder. Drive in a couple of pegs and file flats 
which lie exactly (if possible) on the diameter first 
scratched. 

Replace the cylinder on the strips and ascertain its 
exact height to the top. Calculate from this the height 
of the axis from the surface plate. Build up gauge blocks 
or file a rod exactly to correspond wth this height and 
twist the cylinder until one flat rests on it. Group 5 
location. Without disturbing the cylinder, shde the 
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gauge to the second peg (or better, use tv.'o gauges). 
Does it contact? NO! There are four contacts on the 
vee, an end stop and the first peg, six stops altogether. 
The second peg makes the sev^enth. It cannot contact 
without strain or — ^a fluke. 

StiU, two lugs under precisely the above conditions are 
often made to contact simultaneousty by a balancing 
device which will ensure that each takes half the total 
pressure and that the error in placing is di\’ided equall}^ 
behveen them. A little consideration viU show that in 
that case the real, and single, stop is the fulcrum about 
which oscillation occurs. 

This brief account has mere!}’- indicated a few examples 
here and there of the wa}’’ accuracy is impaired by the 
instability or flexibilit}* of the materials used in engineer- 
ing production. The fundamental principles of location in 
jigs and fixtures have been outlined ; and if to some the 
accoimt appears rudimentary it is hoped that the manner 
of it may make it at least refreshing. 

In viev/ of the mam'’ difficulties v.'hich have been 
mentioned one may anxiously inquire whether good work 
can ever be done. Yes; provided one knows what troubles 
to expect and how to avoid or cure them. That is being 
an engineer. 

Then it should be remembered that what would be 
intolerable in some kinds of work would not be noticeable 
in its efiect on others. Do not expect praise for working to 
a thousandth of an inch v/hen a hundredth is near enough. 



INDEX 


Accuracy of workmanship, 210, 


292 
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Form tools, 130 
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Piercing. See Press Work 
Pinfacing. See Spot Facing 
Planing, 77 
Planishing, 175 

Planning, i, 209, 212, 270, 282 
Plant efficiency, 253, 265 

purchase, economics of, 125, 

264 

schedules, 266 

Plating, nickel and chromium. 207 
Polishing, 206 

Portable machine tools, 290 
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Press tool storage, 179 
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Rowan bonus system, 10 
Royalties, 232, 245 
Running charges, 235 

Sales cost, 237 
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Scraping, 196 
Screw-cutting, 105, 126 
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